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ABSTRACT. 
Various Diels-Alder reactions of 2-vinylfurans and 2-vinyl-
benzofurans have been investigated. 
2-Vinylfurans have two alternative diene systems and it has 
been shown that at room temperature, dimethyl acetylenedicarboxylate 
will undergo cycloaddition to both. The dihydrobenzofuran 
intermediate arising from addition to the exocyclic diene system was 
not isolated but underwent autoxidation to the aromatic benzofuran. 
The asymmetric dienophile, methyl propiolate, reacted specifically 
with the exocyclic diene system of 2-vinylfurans to give the 
corresponding methyl benzofuran-4-carboxylates. 
The stability of the olefin limited the yield of product 
in these reactions. However when the "diene" was stabilized by 
incorporation of a 5-C2-nitrophenyl)-substituents on 2-vinylfuran 
or by the use of 2-vinylbenzofuran then considerably improved yields 
of adducts resulted. The latter reactions provide a valuable 
synthetic route to poly functional dibenzofurans and in particular 
to dibenzofurans bearing carboxyl substituents
o 
The reaction of 
3-methoxy-2-vinylbenzofurans with acetylenic dienophiles gave rise 
to marginally higher yields of these dibenzofurans. 
Ethylenic dienophiles provide access to both 1,2,3,11-
tetrahydrodibenzofurans and 1,2-dihydrodibenzofurans by reaction 
with 2-vinylbenzofurans and 3-methoxy-2-vinylbenzofurans respectively. 
iii 
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INTRODUCTION 
The benzofuran ring system is w~dely distributed in 
natural products, particularly in those derived from the higher 
plants 1. The complexity of these compounds varies considerably 
from simple substituted benzofurans to furocoumarins, 
furochromones, furoflavones and the rotenoids. Many of these 
compounds have exhibited marked physiological activity and are 
used on a commercial scale as medicinals and insecticides. 
The simplest natural product of this group, 
5-methoxybenzofuran (1), was discovered as a result of fungal 
contamination of oak beer barrels. This resulted in the beer 
having a strong, persistent, distasteful odour characteristic 
of the benzofuran. 
Bergapten (2), isolated from the fruit cases of 
Citrus bergamia, and xanthotoxin (3), which is found together 
with bergapten in Fagara xanthoxyloides, are typical 
furocoumarins. Both compounds are very toxic toward fish as 
are many of the naturally occurring furocoumarins 2 • 
The most important constituent of the derris root is 
rotenone (4), a widely used insecticide 3 and the parent 
compound of the rotenoids. 
1 
2 
The plant Eupatorium urticaefolium contains compounds which 
are toxic to fish, cause trembles in cattle and induce milk sickness 
. h 4 ~n umans . The chief constituent is tremetone (5), a 
2,3-dihydrobenzofuran, Similarly the congenors, 7~hydroxytremetone 
and 1,2-dehydrotremetone, are also toxic . The resemblance of these 
substances to one segment of the rotenone molecule is of some 
biological interest , 
Khellin (6), a typical furochromone isolated from the 
Mediterranean plant Ammi visnaga (Umbelliferae)5, has been used 
for centuries in "folk medicine". It has the ability to 
stimulate coronary flow. 
Dibenzofurans, on the other hand, are rare as natural 
products and appear to be formed almost exclusively in lichens. 
The only known exception is rhodomyrtoxin (7) 6, a yellow toxin 
derived from the fruit of the Australian finger cherry 
(Rhodomyrtus macrocarpa Benth.), and thought to be responsible 
for blindness and other toxic effects in livestock . 
Historically, lichens have long been used for 
medicinal purposes and in 1944 Burkholder 7 established that 
extracts of some lichens act as antibiotics . Since then there 
have been many investigations of the antibiotic properties of 
lichens 8. 
Approximately half of the species in temperate areas 
will inhibit bacterial growth. The gram negative rods are as 
a rule resistant to all lichen substances but gram positive 
bacteria as well as the tuberculosis bacillus are inhibited. 
Usnic acid (8 ), which can be regarded as a derivative 
of dibenzofuran, is much more effective than penicillin 
salves in the treatment of external wounds and burns 9. 
It has been found that decarboxynordidymic acid (9a), 
a degradation product of the naturally occurring didymic 
acid (9b ), exhibited the most powerful antibacterial 
activity among the compounds tested by Shibata and Miura 8b . 
A selection of these activities is given in Table I. In 
this study comparisons between natural and synthetic 
dibenzofurans have indicated that the antibacterial 
activity is associated with the dibenzofuran nucleus, the 
presence of hydroxyl groups and the number of carbon atoms 
in the alkyl side chains. 
3 
TABLE I 
Highest dilution* inhibiting growth 
M. tuberculosis 
avian 
strepsilin ( 10) < 10,000 
usnic acid ( 8 ) 160,000 
didymic acid ( 9b) 40,000 
decarboxynordidymic acid (9a) 320,000 
1, 9- dimethy 1 - 80,000 3, 7-dihydroxydibenzofuran 
3, 7-dihydroxydibenzofuran 10,000 
dibenzofuran -
-k An acetone solution of 1 mg/cc was used as the 
original liquor of the serial dilutions. 
o 
Staph. 
aureus 
< 5,000 
160,000 
80,000 
640,000 
80,000 
5,000 
< 5,000 
(1) (2) 
Figure 1. 
o 
4 
CH:3C 
La) R H 
OCI-13 
(3) 
(5 ) 
(7) 
(9) 
lb ) R" (.OO r\ 
Figure 2 . 
(4) 
(6) 
(8) 
(10) 
5 
eOCH3 
OH 
Synthetjc Approaches to Benzofurans and Dibenzofurans. 
The "Chemical Abstracts" numbering systems for benzofurans 
and dibenzofurans is given in Figure 3 . 
q 
'-___ .... 3 a 
, o 
l 
7 
Figure 3 
Synthesis of Benzofurans. 
Generally the synthesis of simple benzofuran derivat i ves 
involves building up of the furan ring onto a benzene nucleus. 
There are three possible modes of ring closure depending on 
which is the last bond to be formed (Figure 4) . 
type I 
I 
I 
0/ 
type II 
Figure 4 
type III 
6 
Type I Syntheses. 
The simplest example of a type I ring closure to form a 
benzofuran derivative involves lactone ring formation as with 
~-hydroxyphenylacetic acid to give coumaran-2-one . This ring 
closure was so facile that ~-hydroxyphenylacetic acid could 
not be isolated 10 
A common route to benzofurans involves the elimination 
of halide ion 11,12as was accomplished by Perkin 11 in the 
synthesis of coumarilic acid (11), (Figure 5). It was this 
reaction which was responsible for the trivial name, coumarone, 
for benzofuran. 
Br 
Br 
< 
o 'COOH 
( 11 ) 
Figure 5 
7 
8 
Similarly coumaran-3-one derivatives have been prepared 
by elimination of halide ion from halogenated acetophenone 
d . . 13 er~vat~ves . (Figure 6) . 
base 
o R 
Figure 6 
Type II Syntheses. 
This method involves either an internal Claisen or aldol 
condensation14 . Typical examples are illustrated in Figure 7. 
BrCH2COOR I COR 
1 BrCH2COR" 
, 
OCH2 (OaR 
AC20 / NaOAc 
R 
o COOR ' 
a CaR'i 
Figure 7 
R 
More recently, Ritchie and co-workers 15 used the method 
of Jurd to prepare the furan ring in (12 ). In this reaction 
the flavylium salt (13 ) was oxidized by hydrogen peroxide in 
methanol buffered to pH 5-7. 
H202 
(13) 
Figure 8. 
Type III Syntheses. 
R 
o 
OCH3 
(12) 
cooe 1-\ 
Examples of ring closures of this type are more numerous 
than the preceding ones. The general reaction involves ring 
closure of an d....-phenoxy carbonyl compound 16 as illustrated in 
Figure 9. 
COR 
/ ZnC12 
" O,-CH 
R 
Figure 9 
R 
9 
Synthesis of Dibenzofurans. 
In contrast to benzofurans, dibenzofurans are not readily 
accessible and generally one of two methods are used. 
The first method involves the diazotization of 
2-aminodiphenyl ethers and subsequent oxidative cyclization 17 . 
This method has been used for the preparation of derivatives 
of dibenzofurans with substituents in the 2, 3 and 4 positions 
but no direct ring closure to form a I-substituted derivative 
has been successful . The low yields obtained in this reaction 
are not surprising since other arylations with diazonium salts 
are known to give poor yields. This method also has structural 
restrictions since a substituent intended for the 4 - position 
must be in the same ring as the nitro group ultimately to be 
reduced and diazotized. 
Dibenzofurans have also been produced by dehydration 
of 2, 2'-dihydroxybiphenyls18. This dehydration was normally 
carried out by treatment with an acid dehydrating agent such as 
phosphorus pentoxide, zinc chloride, aluminium chloride or 
hydrogen bromide. To date no dibenzofuran carboxylic acid has 
been produced by this method as all such attempts have 
resulted in decarboxylation o 
10 
11 
Neither of these classical methods could be efficiently 
adapted to the synthesis of the naturally occurring dibenzofurans, 
for either the reagents would react with the sensitive substituent 
groups, or the intermediates were extremely tedious to synthesise o 
The Diels-Alder Reaction19 . 
The Diels-Alder reaction or Diene synthesis is a 2 + 4 
cycloaddition which results in the formation of a six membered 
ring in which 6TI electrons have been reorganized into two new 
sigma bonds and a new ~ bond. 
A satisfactory mechanism has not yet been advanced 
which will explain all the experimental data. In some cases the 
reaction exhibits heterolytic character whereas in others 
homolytic character appears. However a number of rules have 
been forwarded to describe the structural and steric orientation 
of the reaction, and so give predictive power to a highly 
stereospecific product formation. 
The diene must have, or be able to adopt, a cis 
coplanar conformation in order for the reaction to occur. 
The original configuration of the diene and the 
dienophile are preserved in the adduct formation e 
There is a preferential endo addition at mild reaction 
temperatures due to a lowering of the transition state energy 
by the maximum overlap of unsaturated centres. In the case 
of plane asymmetric dienes or dienophiles this implies that the 
molecules will orient themselves so that steric hindrances are 
either absent or reduced to a minimum . 
In almost all cases, one of the possible structural 
isomers of the adduct is preferentially formed when asymmetric 
components are used. For I-substituted dienes the "ortho" 
isomer is preferred, whereas for 2-substituted dienes the "para" 
isomer is preferred ("ortho" and "para" are here used in 
accordance with the relative positions of the substituents in 
the ring in the same way as in the aromatic series). 
In addition there are several features which have also 
been observed. 
The formation of cyclic systems by the Diene Synthesis 
is thermodynamically favourable (approximately 20 Kcal./mole.) 
and often proceeds with the evolution of heat. However, in 
many cases it is necessary to heat the reaction ~ 
It has been found that electron donating groups in the 
diene increase its reactivity while electron withdrawing groups 
decrease it. Conversely those dienophiles which have their 
multiple bonds activated by conjugation with electron acceptor 
substituents are the most active dienophiles. This has led to 
mechanistic approaches in which there is transfer of negative 
charge from the diene to the dienophile . 
12 
The Diene Synthesis is a reversable reaction in which the 
adducts are able to dissociate into their initial components. 
Those adducts formed from cyclic dienes are the most liable to 
dissociate, apparently due to the strain in the adduct molecule. 
Side reactions which occur are polymerization and 
substitutive addition. Appreciable amounts of polymers are 
formed during the condensations with gem substituted dienes, 
vinyl aromatic compounds (styrene and its analogues) and some 
of the cyclic dienes. Dimerization and polymerization are 
sometimes suppressed by polymerization inhibitors (e.g. 
hydroquinone), by reducing the temperature of the reaction and 
by selecting suitable solvents. 
Furan itself has long been known to readily enter into 
the Diels-Alder reaction. The condensation was first examined 20 
when attempts were made to find a simple route to the natural 
product cantharidin (14). 
CH3 
(14) 
o H 
\H 
\ CO 
OC / o 
(15) (16) 
13 
14 
When furan was condensed with maleic anhydride it gave 
) ( 6 ) . 20,21 rise to both the endo (15 and exo 1 lsomers 
However the condensation of furans with dienophiles can 
also proceed via substitutive addition as well as the normal 
1,4-cycloaddition . For example the reaction of 2-methylfuran 
. h' h 1 22 Wlt nltroet y ene (Figure 10). 
CH2=CH-N02 
Figure 10 
In the case of a vinylic fur an system there are two 
alternative diene systems, namely the cis-oriented diene of 
the ring system and the other consisting of the exocyclic 
double bond and an adjacent furan ring double bond. 
In 1939, Pau1 23 obtained a 79% yield of an adduct (17 ) 
from the reaction of 2-vinylfuran with maleic anhydride. 
Chemical evidence confirmed that this adduct was one in which 
the exocyclic double bond had formed part of the diene system . 
24 In the same year Kamthong and Robertson observed a 
similar reaction with euparin (18a), a naturally occurring 
benzofuran. The product (18b), a tetrahydrodibenzofuran, was 
instrumental in determining the structure of euparin Q 
O~-C\ 
/ CO 
0 
CI-i3CO (17) 
HO 0 
(18a) 
o -0, 
CO CH3CO 
HO 0 
CH3 
(18b) 
In 1953 Schmidt extended this reaction to 2-furyl 
25 
polyenes ,and in all cases the adducts were the 
4, 5, 6, 9-tetrahydrobenzofuran-l, 4-dicarboxylic anhydrides (19 ) 
with Cl, C3 and C5 side chains (Figure 11). 
15 
R 
R 
\\ 
o 
Figure 11 
OC)o 
o 
(19) 
~CH3 
Thus the conjugate system made up of the exocyclic 
double bond and the adjacent furan ring double bond proved to 
be more reactive than both the conjugated cyclic system and the 
linear polyene system. 
However, deactivation of the side chain double bond by 
strong electrophilic groups prevents such condensations. Thus 
furylacrolein, furylacrylic acid and 2- «(3 -nitrovinyl) furan do 
t 'h' 19 no react In t lS manner < 
These reports indicated that such additions might 
provide a novel and rather elegant route to poly functional 
benzofurans and dibenzofurans. Hence the scope and application 
of a variety of such reactions have been investigated . The 
general reaction scheme is outlined in Figure 12. 
16 
17 
L Wittig 
" Q./ C~O Reaction 
I 
R + 
o A 
Reaction 
8 
R 
Figure 12 
• 
Such a scheme could well be adapted to the unambiguous 
synthesis of naturally occurring benzofurans and dibenzofurans , 
18 
DISCUSSION 
A. Synthesis of Benzofurans 
Diels-Alder Reactions of 2-Vinylfuran 
The investigation was begun by extending the known 
reactions of the simplest diene of the series, 2-vinylfuran (20). 
o o CH-CH-COOI-i 
(20) (21) 
2-Vinylfuran had been prepared previously26 by 
decarboxylation of 2-furylacrylic acid (21) and initially 
this method of preparation was used. However difficulties 
were encountered with both the yield and the purity of 
the product obtained and it appeared that an alternative 
route would be advantageous. 
The Wittig reaction with methylenetriphenylphosphorane 
had previously been used (Figure 13) to prepare 2-vinylpyrrole 
[ (23), X=NH ~ from pyrrole-2-aldehyde and this reaction 
promised to afford a far more general synthesis of the 
required 2-vinylfurans. 
B d ·fy· h h d f d . d 27 y mo ~ ~ng t e met 0 0 Jones an L~n ner in 
that dimethylformamide was used as a co-solvent to promote 
ylid formation, 2-vinylfuran (20) was obtained in 60% yield 
from furfural [ (22), x=o J. 
x (1..,0 x 
(22) (23) 
Figure 13. 
2-Vinylfuran (20) could not be stored for any 
o length of time as polymerization occurred, even at 0 . This 
polymerization has been reported to be more rapid in the 
f d 1 · h 28 presence 0 oxygen an sun 19 t . 
In view of the nature of the product obtained in 
the reaction of 2-vinylfuran (20) with maleic anhydride23 
(see page 14) it was expected that the reaction of (20) 
with dimethyl acetylenedicarboxylate would proceed as in 
Figure 14 , 
COOCH3 l1. ~ (00(1-13 
.~ ~"COOCH3 COOCI-i3 
o o 
(20) (25) 
Figure 14. 
19 
However at room temperature no (25) could be isolated, 
but instead a 1:1 mixture of the two diesters (26) and (27) 
was obtained. 
1 s 
COOC I-13 a CH=CI~2 
00CI-13 COOO-13 
s 0 
'''-COOCH3 
(26) (27) 
These isomers could not be separated by chromatography 
but could be assigned structures from their spectroscopic 
properties. The formation of (27) is the first reported 
example of a reaction in which the cyclic diene system of 
(20) has successfully competed with the alternative exocyclic 
diene system. The initial adducts (25) and (27) both require 
disruption of the aromatic furan ring system and in this 
respect may not differ appreciably in energy requirements. 
However the more highly strained ring system of (27) was 
expected to favour the production of (25). 
In the reported reaction of 2-vinylfuran with maleic 
anhydride23 the adduct had a low solubility and crystallized 
out of solution whereas in the present case the entire 
material remained in solution thus allowing equilibration 
20 
to occur. Presumably the product (26) arose from oxidation of 
the intermediate (25) by the oxygen present in the system. 
When this reaction was carried out at 80 0 (refluxing 
benzene) no (27) was isolated but the benzofuran (26) and 
a bis-adduct (28) were obtained. 
o 
COOCH3 
COOCH3 
FOOCH3 
---c 
Ha 
(28) 
The formation of (28) can readily be rationalized 
by the addition of a second mole of dimethyl acety1ene-
dicarboxy1ate to the 7,8-doub1e bond of the intermediate 
adduct (25) by an indirect substitutive addition, t he 
driving force being aromatization of the furan ring. Several 
analogous substitutive additions with this dienophi1e have 
been observed previous1y29. The side chain of (28) has been 
assigned the trans-configuration on the basis of N.M.R o data. 
In (28) proton Ha occurs at, 2·34 whereas in diethy1 
maleate it occurs at ~ 3·72, in diethy1 fumarate at T 3.17 
and in (29)29 at T 4.52. 
21 
22 
CH300C ~C OC 3 
c==c OOCH3 Hi COOCH 
(29) 
Since the yield of (26) was unchanged from that at 
room temperature it appeared that the absence of (27) was due 
to the decomposition of this compound under the reaction 
conditions. The poor yields in this reaction were due in the 
main to polymerization of the 2-vinylfuran. 
In order to examine the effect of an unsymmetrical 
dienophile on the course of this reaction, methyl propiolate 
was used in place of dimethyl acetylenedicarboxylate In 
this case two alternative products are possible (Figure 15) 
depending on the orientation of the dienophile in the adduct 
formation. 
23 
o o 
COOCH3 
coaCH3 
(30) (32) 
°2 02 
coaCH] 
coaCH] 
(31) (33) 
(a) (b) 
Figure 15. 
Electronically one would expect that (30) would be 
formed preferentially . In furan the polarity of the 2,3-double 
bond is such that the 3-position is the more positive centre 
and since the vinyl group is weakly electron withdrawing 
it would be expected that the 3-position would be the 
positive terminus of the diene system n Similarly the 
dienophile is dipolar so that in Figure 15a there is an 
association of positive centres with negative centres ~ 
Diene adducts are also strongly directed by substituent 
effects which generally operate in the same direction 
regardless of the nature of the substituent o Thus piperylene 
(34) and its analogues formed adducts with substituents 
preferentially or even exclusively in the "ortho" position 
of the ring whereas isoprene (35) and its analogues condense 
with asymmetrical dienophiles to form "para" isomer s 
preferentiallyl9 0 When the substituents of the diene had 
opposing effects (a 1,2-disubstituted diene) then it was 
the effect of the I-substituent which predominated. 
(34) (35) 
24 
Thus, on consideration of both the electronic and 
substituent effects we are led to expect the preferential 
formation of (30) and consequently of product (31) 
(via autoxidation) . 
In practice the reaction did not proceed at room 
temperature due to the lower reactivity of this dienophile. 
At 80 0 (refluxing benzene) a 2% yield of (31) was obtained, 
this being the only ester isolated. Evidence for this 
structure of the ester was provided by the coupling constants 
of the benzenoid protons in the N.M.R. spectrum ( i.e c all three 
benzenoid protons exhibit J, 7·3 Hz, characteristic of ortho 
coupling) . 
2-Isopropenylfuran (36) 
2-Isopropenylfuran (36) behaved somewhat similarly 
to 2-vinylfuran itself, giving a 6% yield of dimethyl 
7-methylbenzofuran-4,5-dicarboxylate (37) on reaction with 
dimethyl acetylenedicarboxylate, and a 5% yield of methyl 
7-methylbenzofuran-4-carboxylate (38) on reaction with 
methyl propiolate. No other simple products could be isolated. 
In both cases marginally higher yields were obtained 
than in the analogous reactions of 2-vinylfuran. The more 
favourable cis orientation of the diene system may account 
25 
for this. A similar yield enchancement has been reported 
on comparison of isoprene and butadiene30 . 
o 
(36) 
COOCH3 COaCH] 
COOCH3 
a o 
(37) (38) 
, 
1-Acetoxy-l-(2~furyl)ethylene (39) 
2-Acetylfuran was converted to the corresponding 
enol acetate, l-acetoxy-l-(2'-furyl)ethylene (39) by treatment 
with isopropenylacetate and a trace of ~-toluene sulphonic 
acid. 
The reaction of (39) with dimethyl acetylenedicar boxy late 
at room temperature gave the two triesters (40) and (41) a s a 
26 
1:1 mixture in a yield of 9% . Again both the alternative 
diene systems reacted with the dienophile. 
OCOCH] 
(39) 
coaCH3 
OCOCH] 
\,== 
27 
~/ ~ -COaCH] COOCH] 
o 
OCOCH] 
(40) (41) 
To this point the yields in these diene reactions 
have been very poor, as the vinylfurans rapidly polymerized. 
Hence a far more stable vinylfuran was sought. 
5-(p-Nitrophenyl)-2-vinylfuran (43) 
Furfural was arylated with ~-nitrophenyldiazonium 
chloride by the method of Akashi and Oda3l to give 5-(p-
nitrophenyl)furfural (42) in a yield of 38% (Figure 16). 
HCl 
CuC12 
o 
(43) (42) 
Figure 16. 
Subsequent reaction with methylenetriphenylphosphorane 
gave 5-C2-nitrophenyl)-2-vinylfuran (43) as a bright yellow 
solid melting at 92-40 , This olefin was quite stable and 
could be stored in the atmosphere for several weeks before 
detectable decomposition occurred . 
The Diels-Alder reaction of (43) with dimethyl 
acetylenedicarboxylate in refluxing xylene gave a remarkable 
50% yield of the aromatized product (44). 
28 
(43) 
coaCH3 
i) Me02C-C=C-C02Me 
ii) Oxidation 
(44) 
Thus not only did the 5-(2-nitrophenyl) group 
COaCH] 
stabilize the vinylfuran to oxidation and polymerization, 
but it also deactivated the cyclic diene system towards 
cycloaddition. Both of these factors may contribute to the 
enhanced yield of aromatized product obtained . 
However, it was also apparent that a 2-vinylbenzofuran 
would provide similar stabilization, and moreover the 
reaction with dienophiles might well constitute a convenient 
route to the less accessible dibenzofuran system. 
The Applicability of the Diene Synthesis of Benzofurans 
While the above Diels-Alder reactions have produced 
benzofurans,the inherent instability of the vinylfurans 
has resulted in poor yields. Furthermore reaction times 
were lengthy and isolation of the products entailed a tedious 
chromatographic separation. As 3 and 4-substituted furans 
29 
30 
are inaccessible it follows that the above route does not 
offer any advantage in the synthesis of 3-substituted 
benzofurans which are also difficult to prepare , 
The 2-position of a benzofuran is generally the 
most easily substituted and consequently there is little 
advantage in including such a substituent in the 5-position 
of the precursor vinylfuran o 
Thus when one considers that previous synthetic 
routes can utilise a large range of poly substituted 
benzenes as starting materials and that there are a variety 
of methods for forming the furan ring, it is evident that 
the diene synthesis of benzofurans has little practical 
value. 
B. Synthesis of Dibenzofurans 
Diels-Alder Reactions of 2-Isopropenylbenzofuran 
2-Acetylbenzofuran was prepared in one step from 
salicylaldehyde and chloroacetone by a modification of the 
32 
method of Stoermer and was subsequently converted to 
2-isopropenylbenzofuran via a Wittig reaction with 
methylenetriphenylphosphorane (Figure 17). 
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- H20 
caCH3 
a 
(45) 
Figure 17. 
2-Isopropenylbenzofuran (45) reacted with tetracyano-
ethylene at room temperature to give the tetrahydrodibenzofuran 
(46) in 89% yield . On attempted dehydrocyanation of (46) 
with the base33 1,5- diazabicyclo 34 [4,3,0]-5-nonene ,an 
immediate reaction occurred but neither the expected 
dibenzofuran nor starting material could be isolated from 
the dark resinous product . 
eN 
co--o 
\ 
eN /(0 
CH3 
(46) (47) 
Reaction of (45) with maleic anhydride did not 
proceed at room temperature but at 80 0 (refluxing benzene) 
an 80% yield of the adduct (47) was obtained. Similarly, 
treatment of (45) with dimethyl acetylenedicarboxylate 
and methylpropiolate gave the oxidised "adducts" (48) and 
(49) respectively in yields of 25% (49) and 12% (50). 
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coaCH] 
COaCH] 
COOCH3 
(48) 
I 
CH3 
(49) 
Although these adducts could be crystallized directly,thick 
layer chromatography was used in the search for additional 
products. 
CH3 
In both the preparation of (48) and (49) a band occur 
near the solvent front with the same Rf value as the diene (45) . 
Similar bands had been present in the majority of diene reactions 
investigated and had been assumed to be the starting diene 
(and as such to be indicative of the equilibrium nature of 
the reaction). 
In actual fact the above reaction product was shown 
to be 2-isopropylbenzofuran (50) rather than unreacted 
2-isopropenylbenzofuran (45). 
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(50) (51) R = COOCH3 , H 
The mechanism of the formation of (50) can only be 
conjectured at, but the 2-isopropylbenzofuran obviously 
arises from the hydrogenation of the diene (45). Moreover the 
hydrogen is most likely derived from the intermediate 
3,11-dihydrodibenzofuran adduct (51). 
It is possible that a similar situation has arisen 
in other diene reactions which have led to an aromatized 
product. If so, then the observed yields have been lowered 
by reduction of the initial dienes. 
3-Substituted-2-vinylbenzofurans 
A 3-hydroxyl substituent is present in many of the 
biologically active dibenzofurans and in order to utilize the 
above route to such compounds a 2-(p-alkoxyvinyl)benzofuran 
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can be readily eliminated in the aromatization of the 
dihydrobenzofuran adduct (Figure 18) 
N 
R-C=C-R 
----~ 
H 
- MeOH 
R 
N = Nucleophilic species 
to 
/R 
E = Electrophilic species 
Figure 18. 
The use of 3-methoxy substituent in the benzofuran 
nucleus prevents such elimination and instead the elimination 
of methanol must proceed in the opposite direction 
(Figure 19). 
R 
OCH3~ 
~OH 
Nu = Nucleophilic species 
E = E1ectrophi1ic species 
Figure 19. 
Such a scheme would be expected to facilitate 
aromatization of the dihydrodibenzofuran intermediate and to 
prevent losses due to hydrogenation of the initial diene. 
3- Methoxy-2- viny1benzofuran (52) 
2-Formyl-3-methoxybenzofuran36 was converted to the 
corresponding vinyl compound (52) by reaction with methy1ene-
tripheny1phosphorane . 
The Die1s- A1der reaction of (52) with dimethyl 
acety1enedicarboxy1ate in ref1uxing toluene produced a 17% 
yield of the aromatized adduct (53). Similarly with ethyl 
propio1ate in ref1uxing tetrachloroethane, (52) gave a 4% 
yield of (54) . 
36 
(52) 
(53) (54) 
2-Isopropenyl-3-methoxybenzofuran (57) 
37 
2-Acetylbenzofuran-3-one (55) was methylated with 
diazomethane to give a quantitative yield of 2-acetyl-3-
methoxybenzofuran (56). A subsequent Wittig reaction with 
methyltriphenylphosphonium bromide and sodium methoxide gave 
2-isopropenyl-3-methoxybenzofuran (57). 
The diene reactions of (57) with dimethyl 
acetylenedicarboxylate and methyl propiolate had already 
been carried out to give the products (48) and (49) in yields 
of 40% and 17% respectively37. Hence the reaction of (57) with 
ethylenic dienophiles was also investigated. 
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NC CN 
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(\-1J CN eN ~ eN 
eN 
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Figure 20. 
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H 
CaCH3 
1 CH2N2 
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o ' eaCH3 
(56) 
Tetracyanoethylene reacted with (57) at room tempera t ure 
to give a 90% yield of (58). This adduct retained the angular 
methoxy substituent, probably as a consequence of the low 
reaction temperature . 
When a similar reaction was carried out at 800 . using 
maleic anhydride as the dienophile, the 3,11 elimination 
of methanol occurred and (59) was obtained in 82% yield c 
Surprisingly enough oxidation to the dibenzofuran (60) did 
not occur readily , Obviously the hydrogens to be removed 
are in a 1,2-cis relationship and 1,2-dihydro aromatics 
are well known to be more difficult to oxidize than the 
corresponding 1,4-dihydro compounds. 
(61) 
2-Vinyl-3,6-dimethoxybenzofuran (61) 
2-Vinyl-3,6-dimethoxybenzofuran was prepared from 
2,4-dihydroxybenzoic acid in a seven step synthesis , Diels-
Alder reaction with dimethyl acetylenedicarboxylate gave rise 
to (62) in 30% yield. The overall yield being 9% for the 
eight step synthesis 
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COOCH3 
COOCH3 
c~o 
(62) 
The 3-methoxy-2-vinylbenzofurans used above have 
resulted in a general increase in yield of adduct formed in 
comparison with the unsubstituted 2-vinylbenzofurans. 
Brewer and Elix38 have now prepared di-O-methylstrepsilin 
by utilizing the dimethyl dibenzofuran-l,2-dicarboxylate 
intermediate (63) 0 Oxidation of the diol (64) proceeded 
selectively to give the desired lactone (65). 
The diester (48) has now been reduced to the diol (66) 
by the reaction with sodium dimethoxyaluminium hydride. 
In contrast, the oxidation of (66) with sodium 
dichromate was not selective but gave an equimolar mixture of 
the two possible lactones,(67a) and (67b). It appears that in 
the strepsilin case (i.e. (65) ) the 9-methyl substituent 
hindered the approach of the oxidizing agent to the I-position o 
However with (66) where the 9-position only bears a hydrogen atom, 
steric hindrance does not effect the course of the reaction. 
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CI13 
(63) 
LiAl~ 
(64) 
(65) 
~ Na2Cr 0 ~ 27 
(6 7b) 
CH 
(67a) 
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The applicability of the Diene Synthesis of Dibenzofurans. 
Dibenzofurans have been synthesised with various 
combinations of 1,2,3,4,7, and 9-substituents , There appears 
to be no reason why substituents in the 6 and 8 positions 
will not be added to this list in the future , Thus it is 
apparent that many of the structural restrictions which 
. 17,18 
operate in previous preparat~ve routes are overcome 
by this synthesis . A very important feature is that it is 
the only simple synthesis available for the preparation 
of dibenzofurans with carboxyl substituents. Moreover 
polyfunctional 1,2-dihydrodibenzofurans and 1,2,3,11-
tetrahydrodibenzofurans can be obtained by the use of 
olefinic dienophiles , 
Thus the Diene Synthesis of the dibenzofurans is 
certainly comparable with the classical methods and in many 
respects surpasses them in its general applicability " 
EXPERIMENTAL 
General 
Infrared spectra were recorded on a Unicam SP200 or SP200G 
spectrometer with polystyrene as reference. Ultraviolet spectra 
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were recorded on a Unicam SP800 spectrometer with holium as reference. 
N. M.R . spectra (protons) were recorded at 60 MHZ on a Perkin-Elmer 
R-IO spectrometer and chemical shifts were measured on the ~ -scale 
relative to tetramethylsilane as internal standard. Mass spectra 
were measured on an A.E.I. MS-902 spectrometer. Unless otherwise 
specified melting points are uncorrected. Thick layer chromatograms 
were carried out on silica gel plates (100 x 20 x 0 . 1 cm, Merck 
HF254 + 366)' Microanalyses were obtained from the Australian 
Microanalytical Service at Melbourne. 
2- Viny 1 fur an. 
Sodium methoxide (6.8 gm, 0.125 equivalents) was added to 
methyltriphenylphosphonium bromide (44.5 gm, 0.125 equivalents) in 
anhydrous ether (200 ml) and anhydrous dimethylformamide (100 ml) 
while stirring under a nitrogen atmosphere. Furfural (12.0 gm, 
0 . 125 moles) in anhydrous ether (50 ml) was then added dropwise 
over 15 min. After stirring for a further 15 min. the solution was 
washed successively with water, 30% aqueous sodium bisulphite, 
saturated sodium bicarbonate solution and finally with water . 
After drying (Na2S04), the solvent was removed and the residual 
liquid distilled to give a colourless liquid (7.1 gm, 60%), 
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b.p. 98-1000 (lit. 28 99-1000 ); N.M.R. (CC14) 7 4.86 (lH, q, J 11 . 1, 
1.7 Hz, f3 -vinyl proton), 4.35 (lH, q, J 17.6, 1.7 Hz, p'-vinyl 
proton), 3.8-3.6 (2H, m, protons 3,4), 3.46 (lH, q, J 17.6, 11 . 1 Hz, 
~ -vinyl proton) and 2064 (lH, m, proton 5). 
Diels-Alder reaction of 2-vinylfuran with dimethyl acce ylene-
dicarboxv late. 
A solution of 2-vinylfuran (235 mg, 0.0025 moles) and 
dimethyl acetylenedicarboxylate (373 rng, 0.0025 moles) in benzene 
(5 ml) was refluxed for 24 hr. The solution was then concentrated 
and the residue absorbed onto a silica gel plate and developed 
with 40% ether/petroleum (b.p. 60-800 ). Bands were visible under 
D.V. (short wavelength) as violet areas on the green background 
of the fluorescent additive. Each band was removed and extracted 
into chloroform. 
The first band yielded dimethyl benzofuran-4,5-dicarboxylate 
(32 rng, 5%) which was sublimed at 500 (0.5 rnrn) to give (26) as a 
white crystalline solid, m.p. 64-6 0 ; N.M.R. (CC14) ~ 6.06, 5.99 
(6H, 2s, methoxyl protons) 2.97, 2.23 (2H, 2d, J 2.4 Hz, protons 
2 , 3), 2. 3 8 , 2. 1 7 ( 2 H, 2 d , J 8. 5 Hz, pro ton 6, 7) ; I • R • )I max 
(nujol mull) 1734 cm- l (C=O) , 1711 (C=O); D.V. i\max (90% ethanol) 
302 mf (log~ 3.57), 255 sh (3.74) and 225 (4.55); mass spec. 
m/e 234 (M+, 50%), 203 (100%), 160 (8%), 117 (6%) and 116 (5%); 
(Found C, 61.57; H, 4.42. C12Hl005 requires C, 61.54; H, 4.30%) . 
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The second band yielded (28) which was distilled onto 
a cold finger at 1200 (0.5 mrn) to give a yellow oil; N ~ M.R o 
(CC14) ~ 7.40-6050 (2H, m, methylene protons), 6.30, 6.30, 6.06, 
6.00 (12H, 4s, methoxyl protons), 5.52-5.15 (lH, m, methine proton), 
2.95, 2020 (2H, 2d, J 2.4 Hz, protons 2,3), and 2.31 (lH, s, 
olefinic proton); U.Vo' Amax (90% ethanol) 356 ~(logE 3.00), 
345 (3.13), 300 (3060) and 256 sh (3 093); mass spec. mle 378 
(M+, 38%), 347 (60%), 346 (100%), 318 (97%), 287 (88%), 
277 (62%), 229 (33%); (Found M+, 378.0948. C18H1809 requires 
M, 378.0950). 
The reaction was repeated with the same quantities of 
reactants in ether (5 ml). After stirring the solution for 4 
days at room temperature the same chromatographic separation 
was employed for the isolation of productso The first band 
contained a 1: 1 mixture of two diesters (63 mg) ~ One constituent 
was identified as dimethyl benzofuran-4,5-dicarboxylate (5%) by 
comparing the spectral properties of the above authentic 
sample. The second constituent (27) could not be isolated 
but the spectral properties could be assessed by subtraction; 
N.M.R. (CC14) ~ 6.18, 6.22 (6H, 2s, methoxyl protons), 4 . 53, 
4.41 (2H, 2d, J 11 .0, l7 ~ 0 Hz, protons 8,8'), 4.29 (lH, d, 
J 2.0 Hz, proton 6), 3.57 (lH, q, J 11.0, 17 . 0 Hz, proton 7), 
2.89 (lH, d, J 5.0 Hz, proton 4) and 2.77 (lH, q, J 2
0
0, 
5.0 Hz, proton 5); I.Ro V (nujol mull) broadening of c=o max 
region, 1643 cm- l (non conjugated C=C) and 930 cm- l (o l e fin i c 
C-R bend.); mass speC e mle 220 (10%), 189 (13%), 111 (26%), 
94 (97%). 
Methyl benzofuran-4-carboxylate. 
A solution of 2-vinylfuran (0.94 gm, 0.01 moles) and 
methyl propiolate (0.84 gm, 0.01 moles) in benzene (5 ml) was 
refluxed for 24 hr. The solution was concentrated and the 
residue chromatographed as described above to give methyl 
benzofuran-4-carboxylate (33 mg, 2%) which was distilled onto 
a cold finger at 1200 (0.5 mm) as a colourless oil; N.M.R. 
(CDC13) ~ 6.09 (3R, s, methoxyl protons) 2.78 (lR, q, J 7 . 3, 
1 .1 Hz, proton 7), 2.78 (lR, t, J 7.3 Hz, proton 6), 2.65, 
2.35 (2R, 2d, J 2.0 Hz, protons 2,3), 2.11 (lR, q, J 7.3, 1.1 
Hz, proton 5); I . R . V ( f i 1m) 1720 c m - 1 ( C =0), 16 14, 15 90 ; max 
u. V. ~max (90% ethanol) 302 my- (logE. 3.76), 272 (3 096), 267 
(3.96); mass spec. mle 176 (M+, 69%), 145 (100%), 117 (32%), 
89 (13%); (Found ~ 176.0474. ClO R803 requires M, 176.0473). 
2- Acetylfuran. 
Furan was acylated by the method of Rartough and 
Kosak 39. 2-Acetylfuran distilled at 70-10 (20 mm) to give a 
white crystalline product (49%), m.p. 30-20 (lit39 33 0 ). 
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2-Isopropenylfuran. 
2-Acetylfuran (4.4 gm, 0.04 moles) in anhydrous ether 
(20 ml) was added slowly to a stirred mixture of methyltriphenyl-
phosphonium bromide (21.45 gm, 0.06 mo les), sodium methoxide (3.3 
gm, 0.06 moles) in anhydrous ether (50 ml) and dimethylformamide 
(25 ml) under a nitrogen atmosphere. Stirring was continued for 
a further 3 hr. Water (100 ml) was then added and the aqueous 
solution extracted with ether 0 x 100 ml). The combined ether 
solution was then washed with water and dried (Mg S04). After 
removal of the solvent, the residue was chromatographed on a silica 
gel column (5" x I") using 20% ether/light petroleum (b.p. 40-600). 
The first fractions contained 2-isopropenylfuran (2g7 gm, 62%) as 
a colourless liquid; N.M.R. (CC14 ) I 7 098 (3H, m, methyl protons), 
5.07 (lH, m, trans vinyl proton), 4.52 (lH, m, cis vinyl proton), 
3.85-3.65 (2H, m, protons 3,4) and 2.70 (lH, m, proton 5). 
Dimethyl 7-methylbenzofuran-4,5-dicarboxylate. 
The method used here was identical with that described 
previously for the reaction of 2-vinylfuran and dimethyl 
acetylenedicarboxylate in refluxing benzene. 2-Isopropenylfuran 
(0.34 gm, 0.0032 moles) was used. 
The product band yielded dimethyl 7-methylbenzofuran-
4,5-dicarboxylate (54 mg, 6%) which was sublimed at 900 (0.3 mm) 
to give a pale orange solid, m.p . 95 0 ; N.M.R. (CDC1
3
),. 7 .43 
(3H, s, methyl protons), 6.25, 6.11 (6H, 2s, methoxyl protons), 
2.g9 (lH, d, J 2.5 Hz, proton 3), 2.56 (lH, s, proton 6) and 2.31 
(lH, d, J 2.5 Hz, proton 2); -1 l.R. }I max (CC14), 1730 cm (C=O); 
V.Va "max (90% ethanol) 302 mf (log~ 3.50), 261 (3.74) and 
227 (4.41); mass spec. mle 248 (M+, 49%), 217 (100%), 174 (7%), 
159 (5%), 143 (6%), 131 (7%), 115 (6%), III (5%); 
248.0682. C13H1205 requires M, 248.0685). 
Methyl 7-methy1benzofuran-4-carboxy1ate (38). 
+ (Found M , 
2-lsopropeny1furan (0.97 gm, 0.009 moles) and methyl 
propio1ate (0.88 gm, 0.010 moles) were refluxed in benzene (5 m1) 
for 2 days. The product was isolated chromatographically as 
described previously. Methyl 7-methylbenzofuran-4-carboxylate 
(gl mg, 5%), distilled at 200 (0.3 mm) as a clear liquid; N.M.R. 
(CDC13) j 7.43 (3H, s, methyl protons), 6.08 (3H, s, methoxy1 
protons), 2.93, 2.18 (2H, 2d, J 7.6 Hz, protons 5,6) and 2.64, 
2.34 (2H, 2d, J 2.5 Hz, protons 2,3); l.R. )lmax (film) 1720 
cm-
l (C=O) , 1623, 1594 (C=C); V. v. A (90% ethanol) 297 mu 
max I 
(log~ 3.76), 274 (4.06) and 220 (4.41); mass spec. mle 190 
(M+, 66%), 159 (100%), 131 (28%), 77 (12%); (Found M+, 
190.0634. C1lHl003 requires M, 190.0630) . 
1-Acetoxy-1-(2'-furyl)ethy1ene. 
This method was adapted from that of Rosenkranz and 
Sondheimer40 . 
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A mixture of 2-acetylfuran (5.5 gm, 0.05 moles) isopropenyl 
acetate (60.5 gm, 0.6 moles) and 2-toluene sulphonic acid (1.7 gm, 
.001 moles) was heated such that slow distillation occurred. After 
8 hrs . distillation had almost ceased. Water (100 ml) was then 
added to the cooled residue followed by extraction with ether 
(100 ml) . The ethereal solution was then extracted with sodium 
carbonate solution until the aqueous solutions remained clear. 
The ether solution was dried (Na2S04), filtered and the solvent 
removed. Distillation gave the product as a colourless liquid 
(5 . 2 gm, 68%), b . p. 900 (14 mm); N.M.R. (CnC13 ) ~ 7 ~ 83 (3H, s, 
acetoxyl protons), 5.08, 4.60 (2H, 2d, J 200 Hz, vinyl protons), 
3.70 (2H, m, protons 3,4) and 2.65 (lH, m, proton 5); mass spec. 
+ 
mle 152 (M , 27%), 110 (100%), 95 (27%), 85 (6%), 81 (11%), 
68 (8%), 43 (72%). 
Reaction of l-acetoxy-l-(2'-furyl)ethylene with dimethyl 
acetylenedicarboxylate. 
l-Acetoxy-l-(2'-furyl)ethylene (0.304 gm, 0.002 moles) 
and dimethyl acetylenedicarboxylate (0.218 gm, 0.002 moles) in 
ether (5 ml) was stirred for 7 days at room temperature. 
Chromatography of the product as before gave only one major band 
which yielded a 1: 1 mixture of two diesters (46 mg, 9%)0 These 
two products could not be separated but could be assigned 
structures from the N.M R. spectrum of the mixture by comparison 
with the spectra of compounds (26),(27) 
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Dimethyl 7-acetoxybenzofuran-4,5-dicarboxylate exhibited 
N.M . R. (CDC13) ~ 7.58 (3H, s, acetoxyl protons), 6.07, 6.00 (6H, 
2s, methoxyl protons), 2.92, 2.23 (2H, 2d, J 3.0 Hz, protons 2,3), 
2.44 (lH, s, proton 6). 
Dimethyl 3,6-epoxy-3-( ~ -acetoxyvinyl)-3,6-dihydropthalate 
(41) exhibited N.M.R. (CDC13 ) l' 7.83 (3H, s, acetoxyl protons), 
6.21, 6.16 (6H, 2s, methoxyl protons), 4.59, 4.50 (2H, 2d, J 2.5 
Hz, vinyl protons), 4.23 (lH, d, J 2.0 Hz, proton 6) and 2.90-2.60 
(2H, m, protons 4,5). 
5-(p-Nitrophenyl)furfural (42). 
The following method is a modification of that reported by 
Akashi and Oda3l . 
~-Nitroaniline (13.8 gm, 0.1 moles) in 25% hydrochloric 
acid (36 ml) was cooled by the addition of ice (20 gm) and then 
diazotized at 0-5 0 by the slow addition of sodium nitrate (8 gm, 
0.115 equivalents) in water (15 ml). After filtration the 
diazonium solution was slowly added to a stirred solution of 
furfural (9.6 gm, 0.1 moles) in 75% aqueous acetone (100 ml), 
the temperature being maintained at 0-5 0 . After the addition the 
reaction was slowly allowed to warm to room temperature and then 
stirred overnight. The precipitate was filtered and washed 
with cold water. Recrystallization gave 5-(p-nitrophenyl) 
furfural (8.2 gm, 38%), m.p. 200-2 0 (lit. 3l 203-40 ); NoM.R. 
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previously. The product band was then rechromatographed using 
60% ether/light petroleum (b.p. 40-600) as eluent. N.M.R. (CDC1
3
) 
~ 6.05, 5.97 (6R, 2s, methoxyl protons), 2.52 (lR, s, proton 3), 
2.38, 2.17 (2R, 2d, J 8.7 Hz, protons 6,7) and 1.49-2.13 (4R, m, 
phenyl ring protons); mass spec. m/~ 355 (M+, 100%), 324 (92%), 
278 (22%). 
2-Acetylbenzofuran. 
This method was adapted from that of Stoermer32 . 
Salicylaldehyde (61.0 gm, 0.5 moles) was dissolved in 
dimethylformamide (250 ml) and potassium carbonate (145 gm) added. 
Chloroacetone (46.3 gm, 0.5 moles) was then added and the mixture 
stirred overnight at room temperature. The solution was then 
poured into water and extracted with ether. The combined ether 
solution was then washed successively with sodium hydroxide 
solution (0.1 N) and water. The ether solution was then dried, (Na
2
S0
4
) 
concentrated and the residue distilled to give 2-acetylben~o urQn 
(27.77 gm, 35%) m.p 0 86-70 (lit~28 870) . 
2-Isopropenylbenzofuran o 
A mixture of methyltriphenylphosphonium bromide 
(5.36 gm, 0.015 moles), and 2-acetylbenzofuran (1.60 gm, 0 . 01 
moles) in anhydrous ether (100 ml) and anhydrous dimethylformami de 
(50 ml) was stirred under a nitrogen atomosphere while sodium 
ethoxide (2.04 gm, 0.03 moles) was added. After 20 mins the 
reaction was poured into water (200 ml) and extracted with ether. 
The combined ether solution was then re-extracted with water and 
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dried (MgS04). Concentration gave the crude product which was 
further purified by column chromatography (silica gel, 15 x 2~ cm) 
using 10% ether/light petroleum (b.p. 40-600 ) as eluent. 
2-lsopropenylbenzofuran was obtained as a colourless liquid 
(1.45 gm, 92%); N.M.R. (CC14) 'r 7.89 (3H, d, J 1.0 Hz, methyl 
protons), 4.&2, 4.18 (2H, 2 broad m, olefinic protons), 3.38 
(lH, s, proton 3), 2.9-2.2 (4H, m, protons 4,5,6 and 7); I.R. 
lJ max (film) 3145 cm- l , 1630, 1613, 1592 (C=C); D.V. ~ max 
(90% ethanol) 302 IDf (log £ 4 ~ 18), 294 (4.25), 289 (4.24), 
283 (4.30), 277 sh (4.26), 271 sh (4 023), 240 (3 060), 231 (3.71) 
and 224 (3.73); mass spec. mle 158 (~, 100%), 157 (10%), 
143 (22%), 115 (12%). 
1,1,2,2-Tetracyano-l,2,3,11-tetrahydro-4-methyldibenzofuran (46). 
2-lsopropenylbenzofuran (1.58 gm, 0.01 moles), 
tetracyanoethylene (1.28 gm, 0.01 moles) and chloroform (50 ml) 
were stirred for 12 hr. at room temperature. The solution was 
then filtered and the solvent distilled. Recrystallization of 
the residue from benzene (decolourising charcoal) gave the 
white crystalline product (2.33 gm, 89%), m.p . 167-80 ; N.M.R v 
(CDC13) T 8.12 (3H, m, methyl protons), 6.80 (2H, m, methylene 
protons), 5.13 (lH, m, methine proton) and 3~1-2.3 (4H, m, 
aromatic protons); l.R. Vmax (nujo1 mull), 1610, 1592 (C=C) 765, 
710 (Q- substituted benzene), V.V. '" (90% ethanol) 291 mr max 
sh (logE. 3.28), 285 (3.29), 231 sh (3.80) and 218 (4.06); mass 
spec. m/e 286 (0, 3%), 158 (100%), 143 (20%), 128 (13%), 
76 (10%); (Found C, 71.19; H, 3.49; N, 19.36; 0, 6.07. 
C17H10N40 requires C, 71.32; H, 3.52; N, 19.57; 0, 5.59%) . 
1,2,3, 11-Tetrahydro-4-methy1dibenzofuran-1,2-dicarboxy 1ic 
anhydride (47). 
2-Isopropeny1benzofuran (1.58 gm, 0.01 moles), maleic 
anhydride (O.gs gm, 0.01 moles) and benzene (50 m1) were stirred 
at room temperature for 2 days. Analytical t.1.c . showed that 
very little reaction had occurred so the solution was ref1uxed 
for 2~ days. After removal of the solvent and recrystallization 
of the residue from benzene/ether, the product was obtained as 
a pale cream solid (2.05 gm, 80%), m.p. 114.50 (dec); N.M.Ro 
CDC13) t 8.13 (3H, m, methyl protons), 7.71 (lH, q, J 15.1, 
5.5 Hz, proton 3), 7.21 (lH, q, J 15.1, 2.0 Hz, proton 3'), 6.60 
(lH, m, proton 2), 6.13 (lH, t, J 8.0 Hz, proton 1), 6000 (lH, 
m, proton 11) and 3.2-2.4 (4H, m, aromatic protons); I.Ro V
max 
(nujo1 mull) 1840 cm- 1, 1775, 1720 (anhydride C=O) , 1614, 1595 
(C=C) ; V. V c Amax (90% ethano 1), 303 m~ (log E. 2.80), 291 sh 
(3.28),278 (3.50), 279 sh (3.48), 252 (3.68), 234 (3.84), 229 
(3.85) and 220 (3.91); mass spec. m/e 256 (~, 36%), 183 (18%), 
182 (9%), 181 (8%), 169 (10%), 158 (100%), 115 (9%); (Found C, 
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69.92; H, 5.00. C15H1204 requires C, 70.30; H, 4.72%) . 
Dimethyl 4-methyldibenzofuran-l,2-dicarboxylate (48). 
2-lsopropenylbenzofuran (3.16 gm, 0.019 moles) and 
dimethyl acetylenedicarboxylate (2.84 gm, 0.20 moles) were refluxed 
in benzene (40 ml) for 3 days. Removal of solvent and re-
crystallization of the residue from ether gave (48) (1.48 gm, 
25%), m.p o 143°; N.M.R. (CDC13) I 7.39 (3H, s, methyl protons) 
5.91, 6.07 (6H, 2s, methoxyl protons), 2.09 (lH, s, proton 3) 
and 2.80-2.00 (4H, m, protons 6,7,8,9); I.R. )lmax (nujol mull) 
1738 ern-I, 1731, 1711 (C=0),1583 (C=C). The m.p. of this sample 
was not depressed on admixture with an authentic sample. 36 
Thick layer chromatography yielded an additional compound 
whieh moved near the solvent front and was 2-isopropylbenzofuran 
(0.38 gm, 12%); N.M.R. (CC14) i 8.68 (6H, d, J 7.0 Hz, methyl 
protons), 6.g7 (lH, septet, J 7.0 Hz, methine proton), 3 074 
(lH, s, proton 3) and 3.10-2.40 (4H, m, protons 4,5,6,7); mass 
+ spec. ID/e 160 (M , 42%), 145 (100%), 117 (11%). 
Methyl 4-methyldibenzofuran-l-carboxylate (49). 
2-lsopropenylbenzofuran (2 077 gm, 0.0175 moles) and 
methyl propiolate (1.48 gm, 0.0175 moles) were ref1uxed in 
toluene for 7 days. Removal of the solvent and recrystallization 
from 10% ether/light petroleum (b.p. 40-600 ) gave (49) (0 .30 gm). 
Thick layer chromatography gave a further quantity (total 0.41 gm, 
12%), m.p. 66-80 . The m.p. of this sample was not depressed on 
admixture with an authentic sample. 
2-Formyl-3-methoxybenzofuran. 
A sample of crude 2-formyl-3-methoxybenzofuran 36 was 
sublimed at gOo (0.3 rnm) to give a white crystalline material, 
m.p. 77 0 ; N.M.R. (CDC13) i 5.69 (3H, s, methoxyl protons), 
2.90-2.11 (4H, m, aromatic protons) and 0.03 (lH, s, aldehyde 
proton); I.R. 'V max (nujol mull) 1640 cm- l (C=O) , 1615, 
1597 (C=C; D.V. A max (90% ethanol) 306 mr (logE 4.33), 
231 (3.83) and 210 (3.87); mass spec. mle 176 (M+, 100%), 175 
(14%),147 (47%),145 (8%),133 (11%),119 (11%),105 (14%), 
104 (17%); (Found C, 67.96; H, 4.95; C10H803 requires C, 68.18; 
H, 4058%). 
3-Methoxyl-2-viny1benzofuran. 
2-Formyl-3-methoxybenzofuran (3.27 gm, 0.0186 moles) in 
anhydrous ether (50 m1) and anhydrous dimethy1formamide (30 m1) 
was added slowly to a stirred mixture of methyltriphenyl-
phosphonium bromide (10.71 gm, 0.03 equivalents) and sodium 
ethoxide (2.04 gm, 0.03 equivalents) in anhydrous ether (70 m1) 
and anhydrous dimethy1formamide (30 m1) in a nitrogen atmosphere. 
After 6 hrs. water (100 ml) was added and the aqueous solution 
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extracted with ether. The combined ether solution was then 
extracted with water and after drying (MgS04), the solvent was 
then removed. Column chromatography as reported previously 
gave 3-methoxy-2-vinylbenzofuran (1.51 gm, 47%) as a colourles s 
liquid; N.M.R. (CC14) ,. 5.98 (3H, s, methoxyl protons), 4.71 
( lH, q, J 11.0, 1.9 Hz, f3 -viny 1 proton), 4.19 (lH, q, J 17.6, 
1.9 Hz, ~'-vinyl proton), 3.19 ( lH, q, J 17.6, 11.0 Hz, 
J.. -vinyl proton) and 2.9- 2.2 (4H, m, aromatic protons); D.V . 
A max (90% ethanol) 306 ~ (logE 4.30), 295 (4 .32), 289 sh 
(4.28), 242 sh (3.82), 236 (3.87); mass spec. mle 174 (M+, 
100%), 159 (54%), 131 (29%), 120 (48%), 92 (12%); (Found 
+ M , 174 . 0681. CllHl002 requires M, 174.0681). 
Dimethyl dibenzofuran-l,2-dicarboxylate. 
2-Methoxy-2-vinylbenzofuran (0 .35 gm, 0.002 moles) 
and dimethyl acetylenedicarboxylate (0.284 gm, 0.002 moles) 
were refluxed in toluene (5 ml) for 3 days. Removal of the 
solvent and thick layer chromatography of the residue using 
40% ether/petroleum (b.p. 60-800 ) as developer, gave a major 
band which yielded dimethyl dibenzofuran-l,2-dicarboxylate. 
After sublimation at 115° (0.5 mm) the product was obtained 
as pale yellow crystals (0.099 gm, 17%), m.p. 124. 50 (lit. 36 
121-3°); N. M.R. (CDCI3) ~ 6.03, 5.87 (6H, 2s, methoxy1 
protons), 2.37, 1.85 (2H, 2d, J 8.5 Hz, protons 3,4) and 
2 . 7-2.0 (4H, m, protons 6,7,8,9). 
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Ethyl dibenzofuran-l-carboxylate. 
3-Methoxy-2-vinylbenzofuran (0.3 gm, 0.0017 moles) 
and ethyl propiolate (0.15 gm, 0.0018 moles) were refluxed in 
tetrachloroethane (5 ml) for 24 hrs. Removal of the solvent 
and thick layer chromatography of the residue using 15% 
chloroform/petroleum (b.p. 60-800 ) as developer gave a major 
band which yielded ethyl dibenzofuran-l-carboxylate. The 
product was distilled onto a cold finger at 1000 (1.0 mrn) to 
give a colourless liquid (15 rng, 4%); N.M.R. (CnC13) I 8.51 
(3H, t, J 7.0 Hz, methyl protons), 5.45 (2H, q, J 7.0 Hz, 
methylene protons), 2.8-1.9 (6H, m, protons 2,3,4,6,7,8) and 
1.2-1.0 (lH, m, proton 9); l.R. 'V max (CHC13) 1718 cm- l (C=O); 
D. V. ~ max (g-O% ethanol) 325 mr' sh (logE 3.85),311 sh 
(4 . 06), 302 (4,08), 258 (3.85), 249 sh (4.06), 238 (4.26) and 
214 (4.46); mass spec. m/e 240 (M+, 100%), 225 (6%), 
212 (13%), 195 (82%), 168 (15%), 167 (23%), 139 (24%); 
(Found M+, 240.0786. C15H1208 requires M, 240.0786). 
While the position of the carbethoxyl group could not 
be determined with certainty from coupling constants due to 
the large number of aromatic protons, the assignment could be 
made from the down field shift of proton 9. 
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2-Acetyl-3-methoxybenzofuran. 
37 
2-Acetyl-3-hydroxybenzofuran (8.8 gm, 0.05 moles) in ether 
(50 ml) was treated with excess ethereal diazomethane. The 
solution was stirred for a further 24 hrs. then dried (Mg S04), 
filtered and the solvent removed to give 2-acetyl-3-methoxybenzofuran 
(9.31 gm, 98%). After sublimation at 900 (0.6 mm) the product was 
obtained as a pale orange solid, m.p. 880 ; N.M.R. (CDC13) i 7.43 
(3H, s, acetyl protons), 5 068 (3H, s, methoxyl protons) and 
2.90-2.00 (4H, m, aromatic protons); l.R .. V max (nujol mull) 1653 
cm-
1 (C=O), 1605, 1587 (C=C); U.V. Amax (90%)ethanol) 304 ~ 
(logE. 4.33),235 (3.86) and 222 (3.87); mass spec. IDle 190 
(M+, 100%), 175 (64%) 161 (20%), 147 (64%), 145 (8%), 133 (8%), 
119 (9%), 104 (39%); (Found C, 69.23; H, 5.32. CllHl003 
required C, 69.46; H, 5.30%). 
2-lsopropenyl-3-methoxybenzofuran. 
A mixture of 2-acetyl-3-methoxybenzofuran (0.63 gm, 0.0033 
moles), methyltriphenylphosphonium bromide (2.67 gm, 0.0075 moles ) 
in anhydrous ether (50 ml) and dimethylformamide (25 ml) were 
stirred in a nitrogen atmosphere. Sodium methoxide (0.81 gm, 
0.015 equivalents) was added and the reaction stirred f or a 
further 2~ hrs . More ether was then added and the ethereal 
solution washed with water, dried (MgS04) and concentrat ed. 
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Column chromatography as before gave 2-isopropenyl-3-methoxy-
benzofuran (0.48 gm, 77%) as a yellow liquid identical with an 
authentic sample 37; N.M.Rc (CC14) T 7.82 (3H, m, methyl protons), 
6.08 (3H, s, methoxy1 protons), 4.95 (lH, m, p-vinyl proton), 
4.34 (lH, m, p'-vinyl proton) and 3.00-2.40 (4H, m, aromatic 
-1 protons); l.R. Vmax (film) 1616 cm , 1593 (C=C); mass spec. 
m/e 188 (M+, 100%), 173 (69%), 160 (12%), 145 (23%), 131 (11%), 
12 7 ( 14%), 12 1 ( 20%) . 
ll-Methoxy-l,1,2,2-tetracyano-l,2,3,11-tetrahydro-4-methyl-
dibenzofuran (58). 
2-lsopropenyl-3-methoxybenzofuran (0.189 gm, 0.001 moles) 
and tetracyanoethylene (0.128 gm, 0.001 moles) were stirred in 
chloroform (5 ml) for 24 hr. at room temperature. After 
filtration, removal of the solvent and recrystallization from 
benzene/petroleum (b . p. 60-800 ) (58) (0.284 gm, 90%) was 
obtained as a pale fawn solid, m.p. 1450 dec.; NoM.R. (CDC1
3
) 
1" 8.01 (3H, broad singlet, methyl protons), 6.98 (3H, s, 
methoxyl protons), 6.68, 6.58 (2H, 2 broad singlets, methylene 
protons) and 3.00-2.10 (4H, m, aromatic protons); I .. R .. Y
max 
(nujol mull) 1610 cm- l , 1598 (C=C); u. V. Amax (90% ethanol) 
296 mr (logE 3 042 ), 289 (3.44), 236 (3.99) and 219 (4.03); 
mass spec. m/e 316 (~, 1%), 285 (2%), 188 (100%), 173 (50%), 
159 (8%), 145 (9%), 128 (35%), 121 (14%), 115 (8%), 103 (15%), 
77 (8%), 76 (21%); (Found C, 67.83; H, 4.28; N, 16.83. 
C18H12~402 requires C, 68.35; H, 3.82; N, 17 . 71%). 
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1,2 Dihydro-4-methyldibenzofuran-l,2-dicarboxylic anhydride. 
A solution of 2-isopropenyl-3-methoxybenzofuran (0.43 gm, 
0 .0023 moles) and maleic anhydride (0.23 gm, 0.0023 moles) in 
benzene (20 ml) was refluxed for 24 hrs. Removal of the solvent 
and recrystallization of the residue from benzene/cyclohexane 
gave a yellow crystalline solid (0.54 gm, 82%), m.p. 167 0 ; N.M.R o 
(CnC13) ~ 7.82 (3H, m, methyl protons), 5.80 (lH, q, J 5.0, 12.5 
Hz, proton 2), 5.29 (lH, d, J 12.5 Hz, proton 1), 4026 (lH, m, 
proton 3) and 2.90-2.00 (4H, m, aromatic protons); I.R. Y
max 
(nujol mull) 1860, 1787 cm- l (C=O); D.V. A (90% ethanol) 
max 
311 mr (logE 4.05), 296 sh (3.95), 286 sh (3.80), 245 sh (3.92), 
236 (4.09) and 208 (4.01); mass spec. IDle 254 (M+, 64%), 252 
(7%), 182 (92%), 181 (56%), 152 (76%), 91 (16%), 84 (69%), 
78 (100%), 77 (20%), 76 (23%), 69 (20%); (Found~, 254.0578. 
Methyl 2-hydroxy-4-methoxybenzoate. 
2,4-Dihydroxybenzoic acid (51.3 gm, 0.03 moles) in ether 
(100 ml) was cooled to 00 and treated with ethereal diazomethane 
(prepared by the method of Arndt 4l from 138 gm of N-methy1-N-
nitrosourea). After standing overnight, the excess diazomethane 
was destroyed with acetic acid, the ether washed with water and 
dried (MgS04). Removal of the solvent gave methyl 2-hydroxy-4-
methoxybenzoate ~9.65 gm, 98%), m.p. 49 0 (lit.28 500 ); N.M.R. 
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(CDC13) ~ 6.14 (3R, s, methoxyl protons), 6.05 (3R, s, methyl ester 
protons), 3.56 (lR, q, J 9.6, 3.0 Hz, proton 5), 3 ~ 54 (lR, d, J 
3.0 Hz, proton 3), 2.26 (lR, d, J 9.6 Hz, proton 6) and -1.0 (lR, 
broad hydroxyl proton, exchangeable with D
2
0). 
Methyl (2-carbomethoxy-5-methoxy)phenoxyacetate < 
This was prepared by a modification of the method of 
Friedlander42 . 
Methyl 2-hydroxy-4-methoxybenzoate (56.75 gm, 0.34 moles) 
was added to a suspension of anhydrous potassium carbonate (100 gm) 
in dimethylformamide (340 ml) followed by methyl bromoacetate (5204 
gm, 0.34 moles), and the reaction stirred vigorously at room 
temperature for 8 hr o The reaction was poured into water (1,100 
ml) and extracted with ether (3 x 200 ml). The ethereal solution 
was re-extracted with sodium hydroxide solution (3 x 100 ml, IN), 
washed with water (100 ml) and dried (MgS04). Removal of the solvent 
gave the product as a pale yellow oil (31.8 gm, 56%), N.M.R. (CDC1
3
) 
, 6.19, 6.18, 6.13 (9R, 3s, methoxyl protons), 5.26 (2R, s, 
methylene protons), 3 u56 (lR, d, J 2.5 Hz, proton 6), 3042 (lH, 
q, J 9.0, 2.5 Hz, proton 4) and 2.10 (lR, d, J 9.0 Hz, proton 
-1 3); I.R. )Jmax (film) 1750 cm ,1715,1700 (C=O) , 1606, 
1578 (C=C); D.V. A (90% ethanol) 290 m~ (logE 3.76), max I 
255 (4 . 20), 214 (4 034); mass spec . mle 254 (M+, 2%), 196 (39%), 
165 (100%), 163 (14%), 135 (9%), 122 (7%), 107 (6%); (Found C, 
57.10; H, 5c76. C12H1506 requires C, 56.69; H, 5.55%). 
Methyl 3-hydroxy-6-methoxybenzofuran-2-carboxylate. 
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A solution of methyl (2-carbomethoxy-5-methoxy)phenoxyacetate 
(28 . 0 gm, 0.11 moles) in dry benzene (150 ml) was treated with 
finely divided sodium (2.6 gm, 0.11 equivalents) and the reaction 
stirred at room temperature for 9 hrs. The benzene solution was 
then extracted with sodium hydroxide solution (2N), and the aqueous 
extract acidified with coolingo The resultant oil was extracted 
with chloroform, the chloroform washed with water and dried 
(MgS04) and the solvent removed to give the product as a yellow 
solid (16 .53 gm, 68%), m.p. 80-5 0 ; N.M.R. (CDC13) , 6.10, 6.06, 
5.98 (6H, 3s, methoxyl protons), 4.81 (0.5H, s, keto form, proton 2), 
3.4-2 . 3 (3H, m, aromatic protons); l.R. lI
max 
(nujol mull) 3440 
cm-
1 (OH), 1740 (ester (C=O) , 1667 (C=O) , 1615 (C=C); D.V. 'Amax 
(90% ethanol) 308 mr (logE 4.25), 289 (4.12), 277 sh (4.04), 
252 sh (3.88), 244 (3.93), 237 (3.97) and 211 (4.10); mass spec. 
ml e 222 (M + , 100%), 191 (13 %), 190 (5 1%), 164 (16%), 163 ( 35%) , 
151 (10%), 135 (23%), 134 (32%), 106 (16%); (Found C, 59.50; 
H, 4.63. CllHl005 requires C, 59.46; H, 4.54%) . 
Methyl 3,6-dimethoxybenzofuran-2-carboxylate. 
A solution of methyl 3-hydroxy-6-methoxybenzofuran-2-
carboxylate (1.0 gm, 0.0045 moles) in ether (30 ml) was treated 
with ethereal diazomethane (from 2.0 gm of methyl nitrosourea) at 
0
0
. The reaction was stirred for 3~ hrs. at room temperature and 
then the excess diazomethane destroyed with acetic acid. After 
extraction with sodium hydroxide solution (2N) and water, the 
ether solution was dried (MgS04). Removal of the solvent and 
sublimation of the residue at 1000 (0.2 mm) gave the product as 
a yellow solid (0.80 gm, 75%) m.p. 63-5 0 , N.M.R. (CnC1
3
) ~ 6.23, 
6.09, 5.80 (9H, 3s, methoxyl protons), 3.20 (lH, d, J 9.5 Hz, 
proton 5), 3.12 (lH, s, proton 7) and 2.46 (lH, d, J 9.5 Hz, 
proton 7); I . R .)) ( n u j 0 1 mu 11 ) 1692 c m - 1 ( C =0), 1622 , 1600 max 
(C=C); D.Vo A (90% ethanol) 311 mu (loge 4.23), 291 sh max J 
(4.15), 256 (3082), 246 (3.97) and 214 (4Q07); mass spec. m/e 
236 (M+, 100%), 205 (28%), 203 (21%), 196 (9%), 193 (10%), 
178 (24%), 165 (20%), 164 (20%), 163 (10%), 151 (9%), 150 (13%), 
135 (18%), 134 (17%), 106 (13%) and 63 (17%); (Found C, 60.84; 
2-Hydroxymethyl-3,6-dimethoxybenzofuran. 
A solution of methyl 3,6-dimethoxybenzofuran-2-carboxy1ate 
(19.48 gm, 0.083 moles) in anhydrous ether (100 m1) was 
added dropwise to lithium aluminium hydride (406 gm, 0.48 
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equivalents) and anhydrous ether (120 ml). When the addition was 
complete the reaction was stirred for a further 2 hrs. at room 
o temperature and then cooled to O. Slow addition of saturated 
potassium hydrogen tartrate solution was continued until the 
excess hydride had been destroyed. The reaction was filtered and 
the solid filtrate washed thoroughly with chloroform. The combined 
organic layer was separated and dried (MgS04)' Concentration gave 
2-hydroxymethyl-3,6-dimethoxybenzofuran (16.62 gm, 97%) as a pale 
yellow oil, N.M . R. (CDC13)' 7.35 (lH, broad hydroxyl proton), 6.18, 
6 . 00 (6H, 2s, methoxyl protons), 5 . 26 (2H, s, methylene protons), 
3 . 15 (lH, d, J 9.0 Hz proton 5), 3.10 (lH, s, proton 7) and 2.54 
(lH, d, J g.O Hz, proton 4); I.R.)J (film) 3500 cm- l (OH) , max 
1613 (C=C); V.V. "max (90% ethanol) 301 mr sh (logE 3054), 291 
(3 . 70), 284 sh (3.64), 260 (3093), 254 sh (3.91), 226 (4.31) and 
211 (4.22); mass spec. mle 208 (M+, 70%), 207 (11%), 206 (7%), 
191 (100%), 177 (13 %), 176 (29%), 151 (8%), 149 (8%), 148 (5%); 
(Found C, 63.10; H, 6.02. C1lH1204 requires C, 63.40; H, 5.81%). 
2-Formyl-3 , 6-dimethoxybenzofuran. 
A solution of 2-hydroxymethyl-3,6-dimethoxybenzofuran 
(13 . 59 gm, 0.065 moles) in carbon tetrachloride (200 ml) was 
t 
. d' l' th f hI d d' . d 43 s ~rre v~gorous y w~ res y prepare manganese ~ox~ e 
(70 gm) for 24 hrs. More manganese dioxide (25 gm) was then added 
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and stirring continued for a further 8 hrs. The solid was then 
filtered off, washed with chloroform and the combined organic 
solution dried (MgS04)' Removal of the solvent and recrystallization 
o from benzene/petroleum (b.p. 60-80 ) gave a yellow solid (11.18 gm, 
83%), m.p. 96-8 0 ; N. M.R . (CDC13)1'6.09, 5.65 (6H, 2s, methoxyl 
protons), 3.20-3.00 (2H, m, protons 5,7), 2.30 (lH, d, J 9.0 
Hz, proton 4) and 0 .08 (lH, s, formyl proton); I.R. V (nujol 
max. 
mull) 1655 cm- 1 (C=O) , 1620, 1590 (C=C); D.V. A (90% ethanol) 
max. 
332 mr (loge. 4.46), 254 (3.84) and 215 (4.02); mass spec. m/e 
206 (M+, 100%), 205 (12%), 177 (42%), 149 (10%), 135 (12%), 134 
(12%), 121 (10%), 92 (11%), 77 (11%) and 63 (17%); (Found C, 63.99; 
H, 5.19. Cl1H1004 requires C, 64.07; H, 4.89%). 
3,6-Dimethoxy-2-vinylbenzofurano 
A suspension of 2-formyl-3,6-dimethoxybenzofuran (2.03 gm, 
0 .01 moles), methyltriphenylphosphonium bromide (5.36 gm, 0.015 
moles) and sodium ethoxide (2e03 gm, 0.03 equivalents) in ether 
(30 ml) and dimethylformamide (15 ml) were stirred under nitrogen 
for 3 hrs. The reaction was then poured into water (200 ml) and 
extracted with ether. The combined ether solution was then 
extracted with water, dried (MgS04) and concentrated. Column 
chromatography (4" x 1" silica gel column) with 10% ether/petroleum 
o (b.p. 40-60 ) gave a colourless oil (1.15 gm, 57%); N.M.R. (CC1
4
) ~ 
6.25, 6.05 (6H, 2s, methoxyl protons), 4.85 (lH, q, J 11.3,1.9 Hz, 
f3 -vi ny 1 pro ton), 4 . 3 8 ( 1 H, q , J 17. 7, 1. 9 Hz, (d' -vi ny 1 pro ton) , 
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3.24 (lH, q, J 11.3, 17.7 Hz, ~-vinyl proton), 3.18 (lH, d, J 9.0 
Hz, proton 5), 3.11 (lH, s, proton 7) and 2.63 (lH, d, J 9.0 Hz, 
-1 ~ proton 4); l.R. lImax (film) 1620 cm (C=C); V.V. "max (90% 
ethanol) 347 mr sh (loge 3.07), 320 (4.18), 314 sh (4.18), 
309 (4.20), 295 (4.14), 284 sh (4 003), 249 sh (3.84), 240 (3.89) 
and 223 (4.00); mass spec. m/e 204 (M+, 100%), 203 (3%), 189 (77%), 
161 (20%), 133 (6%), 119 (7%), 102 (8%); + (Found M 204.0789 
Dimethyl 7-methoxydibenzofuran-l,2-dicarboxylate. 
A solution of 3,6-dimethoxy-2-vinylbenzofuran (0.220 gm, 
0.00108 moles) and dimethyl acetylenedicarboxylate (0.194 gm, 
0.00137 moles) were refluxed in toluene for 24 hrsw After 
concentration of the solution and thick layer chromatography of 
the residue using 40% ether/petroleum (b.p. 40-600 )as eluent 
gave dimethyl 7-methoxydibenzofuran-l,2-dicarboxylate as a pale 
yellow solid (0.110 gm, 30%), m.p. 1440 ; N.MoR. (CDC13) ~ 6.12, 
6.07, 5.91 (9H, 3s, methoxyl protons), 3.20-2.60 (2H, m, protons 
6,8), 2 . 44, 1.97 (2H, 2d, J 8.5 Hz, protons 3,4) and 2.24 (lH, 
d, J 9.0 Hz, proton 9); l.R.)J max (nujol mull) 1724, 1707 
cm-
1 (C~O), 1630, 1586 (C~C); U. V. Amax (90% ethanol) 320 my. 
sh (log €. 3.92), 307 (4.14), 301 sh (4.07), 296 sh (4 ,, 04), 257 
sh (4.40), 244 (4.48), and 219 (4 040); mass spec. m/e 314 (M+, 
] 00% ) , 283 (66%), (268 (12%), 196 (8%) and 182 (7%); (Found 
+ 
M ,314.0794. C17H1406 requires M, 314.0790). 
68 
l,2-Dihydroxymethyl-4-methyldibenzofuran. 
A solution of sodium dihydro-bis(2-methoxyethoxy)aluminate 
(10.75 gm, ROC/RIC 70% solution in benzene, 0.075 gm atoms of 
hydrogen) was added dropwise to a stirred solution of dimethyl 
4-methyldibenzofuran-l,2-dicarboxylate (2.98 gm, 0.01 moles) in 
benzene (30 ml). When the addition was complete the reaction was 
refluxed for a further hour and finally allowed to cool to room 
temperature. Hydrochloric acid (25 ml, 10%) was then added 
slowly. The resulting mixture was then extracted with chloroform 
and the combined chloroform solution extracted successively with 
hydrochloric acid (10%) and water. After drying (M
g
S0
4
), the 
solvent was removed to give the dialcohol as a white crystalline 
solid (2.4 gm, 99%); N.M.R. (CDC13) ~ 7.61 (2H, broad hydroxyl 
protons, exchangeable with D20), 7.42 (3H, s, methyl protons), 5.13, 
4.77 (4H, 2s, methylene protons) and 2.9-1.7 (5H, m, aromatic 
protons). 
Oxidation of 1,2-dihydroxymethyl-4-methyldibenzofuran with sodium 
dichromate. 
The following method was adapted from that used by Stenberg 
and Perkins in the preparation of phthalide 6 • 
1,2-Dihydroxymethyl-4-methyldibenzofuran (2.4 gm, 0.01 moles ) 
1n dioxan (25 ml) and water (25 ml) was chilled to 00 while a 
--
mixture of sodium dichromate (4.78 gm, 0.02 moles) in 
concentrated sulphuric acid (3 ml) and water (10 ml) was 
added. The solution was then allowed to come to room 
temperature and stirring continued for a further 3 hr. 
Water (100 ml) was added and the mixture extracted with 
chloroform. After washing with water the chloroform solution 
was dried (MgS04)' Filtration and removal of the solvent 
gave the crude product (2.10 gm). N.M.R. showed this to 
be essentially a 1:1 mixture of the isomeric lactones. 
Thick layer chromatography of this mixtu're (0.4 gm) with 
benzene eluent gave two product bands which were removed 
and extracted with chloroform. 
The first band (Rf 0.3-0.5) yielded the lactone 
. 0 (67a) (140 mg, 31%), m.p. 195 ; N.M.R. (CnC1
3
) T 7.36 
(3H, s, methyl protons), 4.64 (2H, s, methylene protons), 
2.79 (1 H, s, proton 3), 2 .6- 2 .3 (3H, m, protons 6,7,8) and 
1.24 ( lH, 9) ; I.R. 1I (nujol mull) -1 m, proton 1753 cm max. 
(C=O) , 1630, 1604, 1590 (C=C); mass spec. mle 238 + (M , 
70%), 209 (100%), 181 (33/ .. ,), 152 (13%). 
The second band (Rf 0.2-0.3) yielded the lactone 
(67b) (150 mg, 33%), m.p. 182 0 ; N.M.R. (CnC1
3
) i 7.34 (3H, 
s, methyl protons), 4.42 (2H, s, methylene protons) and 
2.7-2.1 (5H, m, aromatic protons; I.R. ~ (nujol mull) 
max. 
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-1 1739 cm (C=O), 1638, 1615, 1600 (C=C); mass spec. mle 
238 (M+, 85%), 209 (100%), 181 (33%); (Found M+, 238.0635. 
APPENDIX. 
INVESTIGATION OF A PROPOSED GENERAL SYNTHESIS 
OF N-HYDROXYAMINO ACIDS. 
Abstract. 
It has been demonstrated that ~-hydroxyalanine 
methyl ester can be produced from alanine by utilizing 
an oxazirane intermediate. However the oxidation of the 
precursor imine to the oxazirane gives a complex mixture 
of products and consequently poor yields of the required 
intermediate. 
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Introduction. 
The work presented here arose from the need for N-hydroxyamino 
acids in the synthesis of mycelianamide (68), a naturally occurring 
peptide antibiotic which has been shown44 to contain N-hydroxyalanine 
and N-hydroxytyrosine components. 
OH /~-1; 
CH=C FHCH3 
>r--~ 
o OH 
(68) 
In addition N-hydroxyamino acids have been recognised as 
components of various other naturally occurring peptides including 
hadacidin45 (N-hydroxyglycine), pulcherrimin46 (N-hydroxyleucine) , 
aspergillic acid47 (N-hydroxyisoleucine), ferrichromes48a, 
albomycin 48b (cS - N-hydroxyornithine) and mycobactin 49 
(N-hydroxylysine). 
The testing of variation in~-amino acid structure for 
possible anti-metabolite activity, particularly for any promise 
in the chemotherapy of cancer, affords a valuable and extensive 
field of study. 50 Wilson and Irvin have observed that 
~-alkyloximino acids (69) exhibit inhibition of protein synthesis 
in Ehrlich ascites carcinoma cells. 
R-C-COOH 
II 
NOR 
(69) (70) 
Hence it is of interest to see what effect further 
modification of amino acids, namely to N-hydroxyamino acids (70), 
would have in regard to any possible anti-metabolite activity. 
Prior to 1967, a variety of synthetic routes to 
N-hydroxyamino acids had been utilized, but all these suffered 
from the disadvantages of either poor yields or limited 
I , b'l' 51 app l.ca l. l.ty . 
Methods reported up until the end of 1966 included: 
(a) The reaction of nitric oxide with 1,3-diketo 
derivatives52 . 
(b) The addition of hydrogen cyanide to aldoximes 
, 50 53 followed by hydrolysl.s ' . 
(c) The addition of hydroxylamine to ~,~ -unsaturated 
b I , 'd 54 car oxy l.C acl. s . 
Cd) Treatment of halogenocarboxylic acids with 
hydroxylamine55 . 
() P t ' I d t ' f' b I' 'd 56 e ar l.a re uc l.on 0 nl.trocar oxy l.C acl. s . 
Method (b) was probably the most efficient and general route 
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RCH=NOH HCN~ RCH-NHOH 
, 
eN 
Figure 21. 
HCl 
'- ..... ) RCH-NHOH 
I 
COOH 
After the present work had begun, a general synthesis of 
N-hydroxyamino acids was reported by Buehler57 . This method 
involved the selective B-alkylation of sodium anti-benzaldoximate 
(Figure 22). 
Ph-CH 
74 
" O/~CH-COOR 
, 
R 
Ph-CHO 
Figure 22. 
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W.D. Emmons ,one of the co-discoverers of oxaziranes (71), 
described the hydrolysis of some oxaziranes with sulphuric acid and 
reported obtaining N-t-butylhydroxylamine in 82% yield and 
N-t-octylhydroxylamine in 68% yield. Hydrochloric acid could not 
be used because chloride ion was oxidized by these compounds (71) 
to chlorine. 
(71) 
Considering that the compounds (71) have an unfavourably 
strained three membered ring, they possess a surprising 
resistance towards strong acid. This hydrolysis appears to proceed 
. 58 via the mechanism shown in Figure 23 . 
According to the mechanism below, the transition state 
requires a significant positive charge on the 3-carbon atom 
and in fact smooth hydrolysis has only been observed when the 
charge localization in this position was stabilized by the 
substituents R' and R". When this was not the case the 
decomposition proceeded otherwise and the desired hydroxylamines 
were not obtained (Figure 24) . 
76 
// HO-NHR 
Figure 23. 
1 
Figure 24. 
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If no hydrogen atom was available on the ~-carbon bonded 
to nitrogen then alkyl migration occurred (Figure 25). 
) c~o 
Figure 25. 
It was hoped that this conversion of an amino group to an 
hydroxylamino group might provide a general synthetic route to 
N-hydroxyamino acids. Furthermore, the use of a stereospecific 
amino acid as starting material should produce a stereospecific 
N-hydroxyamino acid product. 
Initial investigations were conducted with d,l-alanine 
and the general synthetic sequence is outlined in Figure 26. 
MeOH / HCl 
/COOCH3 
Ar-CH=N-CH 
\ 
R 
peracid 
oxidation 
ArCHO 
COOCH3 
/ 
R-CH 
" CB e NH3 CI 
NaOH 
COOCH3 
R-iH 
\ 
NH2 
HO COOCH] 
\ / N-CH 
\ 
Ar-CHO R 
Figure 26. 
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Discussion. 
Preparation of Alanine Methyl Ester. 
It was necessary to esterify alanine because of its low 
solubility in organic solvents. The methyl ester was chosen 
because of its stability towards hydrolysis and its ease of 
preparation. This also had the advantage of introducing a 
convenient methyl ester singlet into the N.M.R. spectra which 
facilitated identification of later formed derivatives. 
The most convenient preparation of alanine methyl ester 
entailed the use of anhydrous methanol and hydrogen chloride59 
followed by conversion of the hydrochloride salt to the free 
ester (72) by the method of Fischer60 ,6l. 
The free ester must be freshly prepared and cannot be 
stored for long periods of time since it undergoes self 
condensation to form the dioxopiperazine (72a). 
/COOCH3 
CH3-CH 
\NH2 
(72) 
CO-NH 
CH3 c'H tHCH3 
\ / 
NH-CO 
(72a) 
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Schiff Base Formation 
The next stage in the synthetic route involved the 
condensation of the amino group of (72) with an aryl carbonyl 
compound to form the imine or Schiff base ~Figure 27). 
Initially piperonal (73) was chosen in the hope 
that it would yield a solid aldimine. In addition such 
derivatives would possess a characteristic methylenedioxy 
singlet signal at T 4 and a simplified aromatic hydrogen pattern 
in the N.M.R. spectra, and hence aid characterisation. 
CH 
(73) 
. b'l' h 62 Im~ne sta ~ ~ty to eat is known to vary enormously, 
aldimines being the most sensitive. Typical thermal reactions 
are illustrated in Figure 27. 
) 
spontaneously 
Figure 27. 
R-C~C H=C -CH==N R 
"L. I 
R 
The initial step in any aldehyde-amine condensation 
is the formation of a carbinolamine (74). Normally the 
intermediates (74) are so readily dehydrated that the 
conditions required to initiate the reaction are adequate 
to decompose the intermediate. This is particularly so in 
the case of ketimines. 
OH 
I ¢CHNHR 
(74) 
-... -' %CH=NR 
-H 0 2 
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Since such reactions are reversible, some method 
of water removal is necessary to complete the reaction . 
Generally this can be achieved by azeotropic distillation 
of benzene, but in the above case it was necessary to 
accomplish this under milder conditions due to the instability 
of the alanine methyl ester. 
Thus shaking of the alanine ester and the aromatic 
aldehyde in the presence of molecular sieve was found to 
be quite satisfactory. 
Preparation of Other Imines 
A similar method was used in an attempt to prepare 
the aldimine from ~-nitrobenzaldehyde, but led to the 
formation of a viscous gum. However, this reaction had 
been carried out on an excessively hot day and it was later 
found that ~-nitrobenzylidinealanine methyl ester could be 
prepared if the reaction temperature was maintained below 
150. Even so the product rapidly decomposed on storing. 
This behaviour confirmed that these compounds are relatively 
unstable to heat. 
Several other aldehydes were also examined. The crude 
products derived from benzaldehyde, ~-methylbenzaldehyde, 
~-chlorobenzaldehyde and ~-anisaldehyde showed only residual 
aldehyde signals in the vicinity of ~ 0·2 but considerably 
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larger aldimine signals In the region of ~ 1·5-1·8 in the 
N. M.R. spectra. However these imines were either liquid 
or low melting solids and so offered disadvantages to the 
piperonal product, which could be readily obtained in an 
essentially pure crystalline form. 
An attempted condensation of alanine methyl ester 
with benzophenone did not produce any detectable ketimine. 
This is not surprising when the lower reactivity of ketones 
is considered . For example the reaction of benzophenone 
with aniline was found to be relatively sluggish and required 
the presence of a fairly strong acid catalyst such as zinc 
chloride63 to proceed. 
Peracid Oxidation of Aldimines 
Previously Ernmonss8 had described the conversion 
of imines to oxaziranes by the addition of an anhydrous 
solution of peracetic acid in methylene chloride. This 
was reported to be a general reaction limited only by the 
stability of the parent imine to the acidic reaction conditions 
and by the stability of the oxazirane obtained. 
Trialkyl oxaziranes(7S),2-(t-alkyl ; oxaziranes ( 76), 
2-(t-alkyl)-3-phenyloxaziranes (77), 2-(t-alky l )-3-( 2-pyridyl) 
oxaziranes (78), 2-alkyl-3-(dialkylcarbinyl)oxaziranes (79) 
and 2-alkyl-3-~-nitrophenyloxaxiranes (80) a re a ll reported 
83 
r--
to be readily available via this reaction. 
(75 ) 
/0",-
Ph-CH-N-CR3 
( 77 ) 
N02 ° O /\ 
-CH-·NR 
( 80) 
-
(76) 
(78) 
( 79) 
Emmons also noted that the oxidation of imines to 
oxaziranes was reasonably selective and could be carried 
out preferentially in the presence of other functional 
groups which normally react with peracids. 
In the present investigation, m-chloroperbenzoic 
acid was used in place of peracetic acid since it is less 
84 
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hazardous and is readily available_ However, it does have 
the disadvantage of being a stronger acid_ 
The oxidation of piperonylidenealanine methyl ester 
led to a mixture of three major products under a wide 
variety of conditions_ However, the required oxazirane (81) 
could be separated by extraction with ether [(81) being 
relatively insoluble in this sOlvent] _ 
The N.M.R. spectrum of (81) exhibited a doublet 
at ~ 8·58 (3H, methyl protons), a quartet centred at 
~ 6-97 (lH, side chain methine proton), a singlet at ~ 6-18 
(3H, methoxyl protons), a singlet at ~ 5-52 (lH, ring 
methine proton), a singlet at ~ 4-04 (2H, methylene protons) 
and a multiplet centred at ~ 3-10 (3H, aromatic protons) 
in accordance with the assigned structure. This was further 
confirmed by microanalysis . 
(81) 
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Piperonal itself was also identified as a component 
of the mixture obtained by oxidation of piperonylidenealanine 
methy I est er. 
It is possible that this piperonal could arise 
from the oxazirane in the following manner (Figure 28) 
or by a corresponding radical mechanism. 
¢-CHO 
i H3 
HN==C 
\COOCH3 (82) 
Figure 28. 
A third component of the reaction mixture was isolated 
by column chromatography. The spectral properties of the 
compound indicated that it could be the imine (82) in agreement 
with the scheme proposed in Figure 28. In particular the N.MQR. 
spectrum exhibited a broad peak centred at ~ 1.15 (lH, 
exchangeable with D20), a singlet at 6.14 (3H, methoxyl 
protons) and a singlet at 7.88 (3H, methyl protons). 
Furthermore the infrared spectrum showed an ester carbonyl 
-1 -1 
at 1728 cm , an OH or NH absorption at 3300 cm and a 
-1 C=N absorption at 1649 cm • However mass spectral data 
proved that this compound was methyl ~-oximinopyruvate (83). 
(83) 
The action of heat (97 0 ) on a deuterochloroform 
solution of the oxazirane (81) produced both piperonal 
and (83) as the major decomposition products. 
A fourth component of the oxidation mixture was 
tentatively identified as the nitrone (84a) , isomeric with 
the oxazirane (81). In fact the oxazirane could be converted 
to this nitrone by careful heating. 
At this stage it seemed desirable to confirm the 
structure assigned to (84a) by an unambiguous synthesis. 
57 Following the method of Buehler ,the anti-oxime of 
piperonal was N-alkylated to give the nitrone (84) 
(Figure 29). 
87 
88 
NaOH 
CH=N Br 
bH 
Figure 29. 
(84) 
The isomeric amide (85) was also required for comparison 
purposes and was synthesised by a standard route (Figure 30) . 
CHO 
Cannizaro 
(85) 
Figure 30 . 
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Examination of the N.M.R. spectrum of the amide 
confirmed that, if this compound were present at all, it 
was a very minor constituent of the oxidation mixture c 
More surprising was the fact that the authentic 
nitrone (84) prepared by the method outlined in Figure 29 
was not identical with the product (84a) from the oxidation 
of piperonylidenealanine methyl ester. However, in view 
of the marked ' spectral similarities between these two 
compounds ( and the lack of a feasible alternative) it 
was concluded that they must be geometrical isomers 0 
Further investigation of the co-products of (81) 
was abandoned at this stage in favour of further work on 
the hydrolysis of the oxazirane. 
Hydrolysis of the ozaxirane (81) with dilute 
sulphuric acid gave N-hydroxyalanine methyl ester (8 b ) 
which was characterised as a N-ben:zoyl derivative (86 b) 
and an O,N-dibenzoyl derivative (87) . 
CH 3 CH3 CH3 I 
tH-COOCH3 tH-COOCH3 CH-COOCH3 I I I NOH NOH ND-COPh I I I H COPh CO-Ph 
(8b ) (86b ) (87) 
~.~ ...... --------------------------------------------------~ 
Experimental 
Alanine methyl ester hydrochloride 
The following method was adapted from that described 
by Curtis and Lang 59 
Anhydrous hydrogen chloride gas was bubbled through 
a well stirred mixture of dl-alanine (10 gm) in methanol 
(150 ml), until all of the alanine had dissolved, and then 
for a further 1 hour. After stirring for an additional 
hour, the solvent was removed under reduced pressure to 
give the product as a white crystalline solid (15.6 gm, 
99.5%) m.p. 156-80 (lit. 59 l57°) c 
Alanine methyl ester 
The following method was adapted from that of 
Fischer
60 
and that of Franchimont and Friedmann6l . 
A mixture of alanine methyl ester .hydrochloride 
(10 gm, 0.071 moles), water (6 ml) and ether (30 ml) was 
cooled in an ice bath. Water (4 ml) containing sodium 
hydroxide (1.5 gm, 0.075 equivalents) was added and the 
mixture agitated with continual cooling until the 
hydrochloride had completely dissolved. Enough anhydrous 
potassium carbonate was added to form a thick paste with 
the aqueous layer. The ether solution was decanted and the 
paste washed twice more with a little ether. The combined 
90 
-. 
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ether fractions were dried further (K2C03) then decanted and dried 
again (Na2S04). Filtration, removal of solvent and fractionation 
under reduced pressure gave the product (4.7 gm, 65%) as a 
colourless liquid, b.p. 380 (15 mm); N.M.Rg (CDC13) ~ 8.65 (3H, 
d, J 7.0 Hz methyl protons), 7.84 (2H, s, NH2 protons, exchangeable 
with D20), 6.39 (lH, q, J 7.0 Hz, methine proton) and 6.25 (3H, s, 
methoxyl protons). 
Piperonylidenealanine methyl ester. 
Alanine methyl ester (6.2 gm, 0.06 moles) and piperonal 
(8.8 gm, 0.059 moles) were dissolved in anhydrous ether (150 ml) 
and molecular sieve (15 gm, type 5A, 1/16" pellets, B.DuH.) added 
The sealed vessel was agitated for 2 hrs. and then left to stand 
overnight. After filtration the solvent was removed to give a white 
crystalline product. Recrystallisation from chloroform/light 
petroleum (b.p. 40-600 ) gave piperonylidenealanine methyl ester 
(12.3 gm, 90%) as a white crystalline product, mgp. 51-30 ; N.M.R. 
(CDC13) ~ 8.49 (3H, d, J 7.0 Hz, methyl protons), 6.28 (3H, s, 
methoxyl protons, 5 . 86 (lH, q, J 7.0 Hz, methine proton), 4.00 (2H, 
s, dioxymethy1ene protons), 3.30-2.50 (3H, m, aromatic protons) and 
1.81 (lH, s, CH=N proton); l.R. V (nujol mull) 1734 cm- l (C=O), max 
1638 (C=N) and 1604 (aromatic C=C); (Found C, 61.11; H, 5.5; 
N, 6.09. C12H13N04 requires C, 61.27; H, 5.57; N, 5.96%). 
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Preparation of other imineso 
Essentially the method was the same as above. The aldehyde 
(1 m.mole), alanine methyl ester (1 m.mole) and molecular sieve 
(5 gm) in ether (50 ml) were left for 60 hr. The only solid imine 
obtained was ~-nitrobenzylidenealanine methyl ester m.p. 45-500 
dec. 
Peracid oxidation of piperonylidenealanine methyl estero 
A solution of piperonylidenealanine methyl ester (11.7 gm, 
0 . 05 moles) in methylene chloride (100 ml) was cooled in an ice 
bath. Methylene chloride (150 ml) containing m-chloroperbenzoic 
acid (equivalent amount calculated on 80% composition of peracid) 
was added dropwise with continual stirring and cooling. The reaction 
mixture was permitted to warm to room temperature and then left for 
a further ~ hr. The mixture was then washed with saturated sodium 
bicarbonate solution (2 x 100 ml) and the organic phase dried 
Filtration and removal of solvent gave a brown gum. 
Extraction with ether (3 x 100 ml) left the oxazirane (81) (2.46 gm, 
20%) as a white crystalline solid, m.p. 117-80 ; N.M.R. (CDC1
3
) 
~ 8.58 (3H, d, J 7.0 Hz methyl protons), 6.97 (lH, q, J 7.0 Hz 
methine proton), 6.18 (3H, s, methoxyl protons), 5052 (lH, s, oxazirane 
ring methine proton) 4.05 (2H, s, dioxymethylene protons) and 3.3-2.8 
r 
I 
I 
(3H, m, aromatic protons); I.Re )) (nujol mull) 1746 cm- l , 
max 
(C=O); UeV. Amax (90% ethanol) 242.5 mr- (logE. 3074), 288 
(3.58); (Found C, 57.36; H,5026; N,5.24; 0,31.5. 
C12H13N05 requires C, 57.37; H, 5.22; N, 5.58; 0, 31.84%). 
In addition piperonal was isolated as the major fraction 
from the ether extract after column chromatography. The original 
mixture showed only minor quantities (N.M.R.) and thus much of 
the piperonal had arisen from decomposition of some intermediate 
on the column. 
One fraction from the column was sublimed at 400 (lmm) to 
o give methyl ~-oximinopyruvate as colourless needles, m.p. 72-3 
(lit. 28 690 ); N.M.R. (CDC13) T 7.88 (3H, s, methyl protons), 
6.14 (3H, s, methoxyl protons), and 1.15 (lH, broad N-OH, 
exchangeable with D20); loR.)) (nujol mull) 3300 cm- l (OH), max 
1728 (C=O) and 1649 (C=N); mass spec. 117 (M+, 47%), 85 (100%) 
and 58 (47%); 
When a deuterochloroform solution of the oxazirane was 
heated at 97 0 th . b kd d . 1 d e major rea own pro ucts were p~perona an 
methyl ol-oximinopyruvate. 
The oxidation conditions were varied in the following 
manner: 
(a) Oxidation in methylene chloride at high dilution. 
(b) Variation of solvent - carbon tetrachloride, 
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diethyl ether and acetonitrile 
(c) Introduction of sodium acetate to the reaction. 
(d) Oxidation at -73 0 . 
In all cases, the same mixture of products was 
obtained with some variation in the proportions of the 
constituents. 
Thermal decomposition of the oxazirane (81) 
A solution (CDCI3) of the oxazirane was sealed in 
o 
an N.M.Ro tube. Heating the solution at 65 (refluxing 
methanol) over a period of 3 days resulted in the gradual 
appearance of a fourth constituent of the mixture; N.M.Ro 
~ 8.21 (3H, d, J 7.0 Hz, methyl protons), 6.19 (3H, s, 
methoxyl protons), 5.21 (lH, q, J 7.0 Hz, methine proton) 
and 3.97 (2H, s, dioxymethylene protons). The aromatic 
protons could not be distinguished from those of the starting 
material. 
Hydrolysis of the oxazirane (81) 
Sulphuric acid (2N, 30 ml) was slowly added to a 
well stirred mixture of the oxazirane (0.5 gm, 0.002 moles) 
in methanol (50 ml). After 1.5 hours the oxazirane had been 
consumed. Stirring was continued for a further hour. The 
methanol was then removed, water (20 ml) added and the 
piperonal extracted with ether. Sodium bicarbonate solution 
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was added until the pH reached 7, then benzoyl chloride (0.5 ml) 
was added and the solution stirred vigorously until the odour 
of the benzoyl chloride had disappeared, At this stage the 
solution gave a positive ferric chloride test for an hydroxamic 
acid. The aqueous solution was extracted with chloroform and 
the chloroform extract dried (MgS04)' After filtration the 
solvent was removed to give a pale fawn solid. Recrystallization 
from benzene-carbon tetrachloride gave the crystalline 
derivative B-benzoyl-B-hydroxyalanine methyl ester, mGp, 124-50 ; 
N.M.R. (CnC13),. 8.38 (3H, d, J 8.0 Hz, methyl protons), 6.23 
(3H, s, methoxyl protons), 5.01 (lH, q, J 8.0 Hz, methine proton), 
2.9-1.9 (5H, aromatic and hydroxyl protons); I.R. V (nujol 
max 
mull) 3200 cm- l (OH) , 1743 (C=O) , 1615, 1602, 1580 and 1060 
(C-O); (Found C, 59 , 08; H, 5.95; N, 5 . 88 . CllH13N04 requires 
C, 5 9 . 18 ; H, 5 0 87 ; N, 6. 28%) . 
A similar procedure at pH8 and a reaction time of 3 days 
produced a viscous oil which was purified by column chromatography 
and found to be ],N-dibenzoyl-B-hydroxyalanine methyl ester; 
N.M.R. (CnC13) ,. 8.44 (3H, d, J 6.5 Hz, methyl protons), 6.20 
(3H, s, methoxyl protons), 4.77 (lH, q, J 6 G5 Hz, methine proton) 
and 2.8-1.9 (lOH, aromatic protons); I.R.)) (film) 1765 cm- l 
max 
(C=O) , 1750 (C=O), 1674 (amide C=O), 1601 and 1593. 
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Anti-piperonaldoxime 
I 
The following method was adapted from that described 
64 by Vogel . 
Sodium hydroxide (14 gm, 0.35 equivalents) in water 
(40 ml) was added to piperonal (30 gm, 0.2 moles) followed 
by hydroxylamine hydrochloride (15 gm, 0.22 moles). When 
the reaction mixture cooled the precipitate was filtered 
off, washed with water and dried to give a white solid, 
o 28 0 
m.p. 112 (lit. 112). 
Methyl ~-bromopropionate 
Dry hydrogen bromide gas was bubbled through a well 
stirred solution of d..J.- oL-bromopropionic acid (20 gm, 0.13 
moles) in methanol (150 ml) until it was saturated. Stirring 
was continued for a further 1 hour and then the methanol 
was removed. Saturated sodium bicarbonate solution was 
added until effervescence ceased. The ester was then extracted 
into chloroform, the chloroform solution dried (MgS04) and the 
solvent removed. Distillation gave methyl ~-bromopropionate 
(18.8 gm, 86%), b.p. 145-80 (lit. 28 , 145-500 ). 
Preparation of nitrone (84) 
The following method was adapted from that of 
57 Buehler . 
anti-Piperonaldoxime (1.65 gm, 0.01 moles) was added 
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to a solution prepared from sodium metal (0.23 gm, 0 , 01 
equivalents) and absolute methanol (20 ml). Methyl ~_ 
bromopropionate ( 1.83 gm, 0.011 moles) was then added to 
the well stirred solution. After 4 days a precipitate had 
formed 0 This was filtered, washed with cold methanol and 
dried in vacuo to give the product (2.31 gm, 92%), m.p. 
o 
102 ; N. M.R. (CDCI3 ) "Y 8.50 (3H, d, J 7.0 Hz, methyl 
protons), 6.25 (2H, s, methoxyl protons), 5.20 (lH, q, 
J 7.0 Hz, methine proton), 4.04 (2H, s, dioxymethylene 
protons)~ 3.4-2.7 (3H, aromatic protons) and 1.94 (lH, s, 
CH=N proton); I.R Q -1 Y (nujol mull) 1747 cm (C=O), max. 
1634 (C=N) and 1600 (aromatic C=C); v.V. ~ (90% ethano 1) max. 
307 m;' (logE: 3.93),270 (4.68); (Found C, 57.51; H, 5.34; 
N, 5.33. C12H13N05 requires C, 57.37; H, 5.22; N, 5.58%). 
Piperonylic Acid 
Piperonal (15 gm, 0.1 moles) was added to a cooled 
solution of potassium hydroxide (9.6 gm, 0.17 equivalents) 
in water (9 ml) and the mixture vigorously agitated for 10 
minutes. After standing overnight, sufficient water was added 
to dissolve the precipitate and the piperonyl alcohol was 
extracted with ether. The aqueous solution was poured into 
a mixture of concentrated hydrochloric acid (30 ml), water 
(30 ml) and ice (40 gm). The precipitated piperonylic acid 
was filtered off, washed with cold water and recrystallised 
f ° h O t 1 2280 (llOt ,28 229 0 ). rom water to glve w lte crys a s, m. p . 
Piperonoyl chloride 
Piperonylic acid (3.32 gm, 0.02 moles) was added 
to thionyl chloride (4.5 gm, 0. 038 moles) and the slurry 
o heated at 100 for 2 05 hours . The excess thionyl chloride 
was removed under reduced pressure and the crude product 
recrystallised from carbon tetrachloride to give white 
o ° 28 0 crystals of piperonayl chloride m.p. 80 (llt r 80). 
Preparation of Amide (85) 
Piperonoyl chloride (1.85 gm, 0.01 moles) was 
added to alanine methyl ester (1,03 gm, 0.01 moles) in 
saturated sodium bicarbonate solution (20 ml) o After agitation 
of the mixture for 45 min. the aqueous solution was extracted 
with chloroform. The combined chloroform solution was then 
washed with water, dried (Na SO ), filtered and the solvent 2 4 
removed . Recrystallisation of the residue from methanol 
gave (85) (2.1 gm, 8~%); mop. 79 0 ; N . M . R~ (CnCI
3
) ~ 8.52 
(3H, d, J 7.0 Hz, methyl protons), 6 . 25 (3H, s, methoxyl 
protons), 5 . 25 (lH, q, J 7.0 Hz, methine proton), 4.01 
(2H, s, dioxymethylene protons), 3.04 (lH, d, J 7 eO Hz, 
NH proton) and 3.4-2.5 (3H, m, aromatic protons); I R~ 
-1 ~ (nujol mull) 3300 cm (NH) , 1733 (ester C=O), 1639 max . 
(amide C=O), 1620, 1608, and 1550. 
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